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ABSTRACT

Objectives:
To investigate the oral health and oral microflora of children with chronic renal failure (CRF) and 
children undergoing renal transplantation (RT).

Patients and Method:
Seventy children with CRF (study 1), 25 with CRF (study 2), and 24 children undergoing renal 
transplantation (study 3), were recruited from The Great Ormond Street Hospital For Children. 
They were matched for age, gender, ethnicity and socio-economic class with healthy children 
recruited from the Paediatric Dental Trauma Clinic at The Eastman Dental Hospital and from 
Camden and Islington Community Health Services NHS Trust.
Indices were recorded for dental caries, dental plaque, gingival inflammation, gingival 
enlargement and developmental enamel defects from all subjects and controls at the beginning of 
the study (baseline). These were repeated for the RT children 2 days and 90 days post 
transplantation. Whole stimulated saliva was collected from the 25 children with CRF for 
estimation of calcium and urea levels and buffering capacity. The oral flora was sampled for 
streptococci, enterococci. Enterobacteriaceae, Lactobacilli and Candida species using alginate 
swabs from the 25 children with CRF and the 24 RT children at baseline. This was repeated for 
children with RT 2 days and 90 days post - transplantation.

Main Results:
A significantly greater proportion of the children with CRF were caries-free (Chi-square 18.8, df 
l,/7 = 0.0001). In the CRF group there was a significantly lower dmfs {p = 0.0001) and DMFS 
ip = 0.004) and a significantly greater plaque score for both the primary teeth ip = 0.04) and 
permanent teeth ip = 0.05). There were a significantly greater number of children with CRF who 
had gingival enlargement ip = 0.02) associated with the permanent teeth. There was a 
significantly greater enamel defect score in the permanent teeth of the CRF group compared to the 
controls ip = 0.002). There was a significantly greater proportion of S. parasanguis as a 
percentage of both the total anaerobic count ip = 0.04) and the total streptococcal count (p = 0.02) 
in the children with CRF. There was a significantly greater total streptococcal count as a 
percentage of the total anaerobic count in the CRF group ip = 0.05). The S. mitis and 
S. parasanguis counts were significantly greater in the C ^  group ip = 0.02 and p  = 0.02, 
respectively). There were a significantly lower Candida species and S. mutans counts in the 
children with CRF ip = 0.0001 andp  = 0.03, respectively). The children with CRF had 
significantly greater buffering capacity ip = 0.001) and salivary urea levels ip = 0.0001).

In the RT group the proportion of S. salivarius as a percentage of the total streptococcal count 
increased significantly 90 days post transplantation when compared with baseline 
ip = 0.005). The number of S. mutans was significantly lower in the RT group compared with the 
controls at baseline and 90 days later ip = 0.0001 and p  = 0.02, respectively). The number of 
lactobacilli was significantly lower in the RT group compared with the controls at baseline and 90 
days later ip = 0.004 and^ = 0.05, respectively). The number of Candida species was 
significantly less in the RT children compared with the controls at baseline ip -  0.004). At the 
final visit, the RT children had a significantly lower proportion of S. parasanguis as a percentage 
of both the total streptococcal count and the total anaerobic count ip = 0.02 and p  = 0.05, 
respectively) compared with the controls.

Conclusion: The children with CRF and RT children had relatively stable oral health and 
significantly less caries experience and S. mutans counts than the matched controls. The oral 
streptococcal flora of the RT children was relatively stable over the transplant period except for 
S. salivarius.
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CHAPTER 1

1. INTRODUCTION

The kidney is an essential multifunction organ that maintains fluid and electrolyte 

balance and regulates the acidity of the body and the excretion o f body wastes. The 

kidneys are also involved in the production and metabolism o f a number o f hormones 

including vitamin D, renin, erythropoietin and prostaglandins.

1.1 Chronic Renal Failure

Chronic renal failure (CRF) results from progressive and irreversible renal damage 

manifested by the reduction o f the glomerular filtration rate. The condition is caused 

by a variety of aetiological factors such as chronic glomerulonephritis, chronic 

pyelonephritis, congenital renal anomalies, hypertension and diabetes. A detailed 

classification of the causes o f CRF is shown in Table 1.1. End stage renal failure has 

low prevalence in children. The UK Renal Registry reported a total number of 775 

patients less than 18 years of age in the year 1999 (Ansell et al. 1999).

The loss of renal function is attended by adaptive renal and metabolic responses, 

which lead to the development of clinical signs and symptoms as loss o f function 

progresses. Detailed investigations are needed to assess the severity o f CRF. These 

investigations include full blood counts, electrolytes, urea, creatinine, calcium and 

parathyroid hormone levels. The glomerular filtration rate is a useful measurement 

in mild and moderate, but not severe, CRF. Radiographs can also be taken of the left 

hand, wrist and chest to assess bone age and any evidence o f renal osteodystrophy.

An echocardiogram or ECG is also done (Rigden, 1994).

The management o f the early stages o f CRF includes dietary control and this is 

aimed at reducing the elevated levels o f blood urea and creatinine. As the CRF 

progresses, dialysis is required until kidney transplantation is carried out.
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Table 1.1: Classification o f the causes of CRF

Localised Causes Lower Urinary Tract 
Obstruction

Proliferative glomerulonephritis Upper urinary tract obstruction

Membranous
glomerulonephropathy

Chronic pyelonephritis

Tuberculous pyelonephritis

Renal calculi

Congenital nephritis

Polycystic disease

Medullary cystic disease

Renal hypoplasia

Renal tubular acidosis

Balkan nephropathy

Prostatic enlargement 
Adenoma 
Neoplasm

Urethral Stricture

Urethral valves

Neurogenic bladder

Bladder neck obstruction

Systemic Diseases

Polyarteritis nodosa 

Hypertension 

Lupus erythematosus 

Amyloidosis

Analgesic over - consumption

Potassium deficiency

Hypercalcaemia

Cystinosis

Oxalosis

Consumption coagulopathies

Lead or cadmium poisoning

Atheroma

Systemic emboli

Subacute bacterial endocarditis

Rheumatic heart disease

Gout

Diabetes

Heart failure

Cirrhosis
(Modified from Kerr, 1975)

1.1.1 Medical Management of Patients with CRF

There are points to be considered in the management o f CRF in children and these are 

the following (Rigden, 1994):

1.1.1 A Growth

Children with CRF have height velocity below the normal range for their age. 

Therefore, when needed, growth hormone is given to children with CRF under careful 

supervision.
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1.1.1.2 Nutrition

Malnutrition is a well-recognised problem in children with CRF (Borradori et al. 

1999). These children tend to be anorexic with spontaneous energy intakes frequently 

below the estimated average requirement for age. Some children with CRF may need 

to be fed via nasal tubes or gastrostomy tubes.

All patients with CRF should be supervised by a nutritionist. Glucose polymers and 

fat emulsions as calorie supplements are usually given. The patients are required to 

limit intake o f cows’ milk to less than half a pint a day and avoid cheese and yoghurt 

to maintain the plasma phosphate in order to prevent secondary hyperparathyroidism. 

They are usually given calcium carbonate as a phosphate binder.

1.1.1.3 Fluid and Electrolytes

Children with renal dysplasia or obstructive uropathy are likely to become salt 

depleted, which is detrimental to growth. Therefore, sodium chloride supplements are 

given with caution to improve growth to prevent the development o f oedema, 

hypertension or hypematraemia. Water intake is not limited and is determined by the 

child to satisfy thirst.

1.1.1.4 Metabolic A cidosis

Persistent metabolic acidosis can contribute to bone demineralisation and 

hyperkalaemia. Therefore maintaining acid - base equilibrium is very important in 

children. Sodium bicarbonate is usually given to correct metabolic acidosis.

1.1.1.5 Renal Osteodystrophy

Plasma calcium, phosphate and alkaline phosphate are measured at each clinical visit. 

Vitamin D DHCC) can be introduced and increased or decreased to maintain the 

appropriate plasma calcium level between each visit. Parathyroid hormone levels are 

also monitored and therapy is adjusted accordingly.

1.1.1.6 Hypertension

Hypertension may lead to progression of CRF. Therefore, blood pressure control is 

important. Salt restriction and dialysis will control high blood pressure, but 

antihypertensive drugs are usually necessary. The beta - blocker propranolol and the 

calcium channel blocker nifedipine are commonly used.
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1.1.1.7 Anaemia

CRF is associated with a normochromic, normocytic anaemia o f variable severity. 

Chronic renal failure children may need recombinant human erythropoietin therapy to 

maintain satisfactory haemoglobin levels. Iron and folic acid supplements are also 

given if  indicated.

1.1.1.8 Infection

Infection is common in uraemic patients (Goldman and Vanherweghem, 1990). It is 

a frequent cause of morbidity and mortality in patients receiving haemodialysis. The 

altered cellular immunity in chronic systemic uraemia along with malnutrition, which 

diminishes the ability to produce antibodies, can all result in an immunodefrcient 

state in these patients (Keane et a l  1977; Gabriel, 1984). Recurrent urinary tract 

infections are common in children with CRF and antibiotic cover is needed in these 

cases. Furthermore, the normal oral micro flora is considered a possible source of 

local and systemic infections (Naylor et a l  1988). Both oral disease and dental 

manipulation may cause bacteraemia that would lead to significant morbidity and 

potential mortality in patients with renal failure. In addition infective endocarditis 

was reported in these patients. It was documented in 2.7% o f patients with CRF 

during haemodialysis and in 9% of those who have an infection o f a vascular access 

site (Leonard et a l  1973; Reid and Rahimtoola, 1984). Viridans streptococci and 

enterococci account for 17% and 13% of infective endocarditis in haemodialysis 

patients (Cross and Steigbigel, 1976).

1.1.1.9 Dialysis

There is no specific indication for the initiation o f dialysis unless the creatinine 

clearance reaches 5 - 10mFmin/1.73m^. Non - specific symptoms o f CRF, such as 

nausea, fatigue, decreased appetite, poorly controlled hypertension, renal 

osteodystrophy and poor growth contribute to the physician’s decision to initiate 

dialysis (Fine and Tejani, 1994).

Dialysis is the interim measure before transplantation. The options for dialysis are 

haemodialysis and peritoneal dialysis.
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1.1.1.9.1 Peritoneal Dialysis

Peritoneal dialysis is based on the concept of diffusion across the peritoneal 

membrane allowing the removal o f excess toxic molecules present in the 

bloodstream when an ideal aqueous solution is instilled in the peritoneal space.

This was first used in the late 1940s (Bloxsom and Powell, 1948; Swan and Gordon, 

1949). One o f its advantages is convenience. It allows for steady metabolic control, 

there is less restriction to dietary and fluid intake and it can be performed in the 

community. In paediatric patients the favoured method o f dialysis is continuous 

ambulatory peritoneal dialysis (Evans et a l  1995). Chronic ambulatory peritoneal 

dialysis is performed at home by exchanging 2 litres of dialysis fluid four times a day 

with each cycle remaining intraperitoneally for 4 - 6 hours. It takes 30 minutes per 

exchange of fluid dialysis and therefore occupies up to 3 hours/day (Rigden, 1994).

1.1.1.9.2 Haemodialysis

Haemodialysis uses extracorporeal perfusion for the transfer o f fluids and solutes by 

diffusion and ultra filtration between blood and dialysate. Infection and thrombosis 

are significant risks associated with this type of dialysis, as catheter access to the 

subclavian, internal jugular or femoral vein is required (Evans et a l 1995). 

Haemodialysis is usually performed three times a week for 4 - 6 hours in the dialysis 

ward (Rigden, 1994).

1.2 Renal Transplantation

Renal transplantation is the optimal option for treatment o f patients with end stage 

renal failure. The total number of kidney transplants carried out in the UK and 

Republic o f Ireland in 1995 was 1920 (UKTSA report, 1996).

A successful transplant more closely approximates the physiological function of 

normal kidneys than dialysis. Immunosuppressive drugs and strict dietary control 

preserve the transplanted kidney.
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1.2.1 The Transplant

The presence o f pre - formed antibodies in the host reacting to the antigens on the 

donor kidney is an important hindrance to the success o f transplantation (Allen and 

Chapman, 1994). The ABO blood group and the HLA antigens are the most 

important factors in the rejection of the transplanted kidney. A cross match is carried 

out to assess the potential recipient’s sensitivity to a specific donor. The recipient’s 

serum is tested against the donor lymphocytes and a positive result indicates that the 

recipient has antibodies directed against donor cells. Consequently, hyperacute 

rejection o f the transplanted kidney may result (Bereket and Fine, 1995).

1.2.2 Factors Related to the Recipient

1.2.2.1 Age

The recipient’s age is considered to be an important factor in the prognosis of both 

live - related donor and cadaveric donor grafts. The one year survival rate after live 

-  related - donor transplantation is 77% for the 0 to 1 year age group, 83% for the 2 

to 5 year age group, and 86% for those aged more than 6 years. For cadaveric - 

donor graft, these rates are 49%, 65% and 70%, respectively (Bereket and Fine,

1994; Grimm and Ettenger, 1992).

1.2.2.2 Underlying Disease

Underlying disease can affect the success of the transplant, as some primary diseases 

such as focal segmental glomerular sclerosis and membranoproliferative 

glomerulonephritis, may recur in the graft resulting in their damage and loss (Fine 

and Ettenger, 1994).

1.2.2.3 Immune Responsiveness

Rejection rates are higher in individuals with high indices o f non - specific immunity 

and children are considered to have high non - specific immune reactions. Therefore, 

they may need intense immune suppression (Ettenger et al. 1992).
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1.2.3 Donor Considerations

1.2.3.1 Donor age

The ideal donor age was reported to be between 13 and 20 years (Hardy et a/. 1994). 

The use o f paediatric donors is a controversial issue, as many reports bave shown 

decreased graft survival and increased incidence of complications with the use o f 

cadaver donor grafts from children under 10 years o f age (Fine and Ettenger, 1994).

1.2.4 Drugs Used in Renal Transplantation

Corticosteroids, azatbioprine and cyclosporin form the bulk o f immunosuppressive 

therapy (Ettenger et al. 1992; Grimm and Ettenger, 1992; Bereket and Fine, 1995).

1.2.4.1 Corticosteroids

The corticosteroids decrease the growth and differentiation o f T - lymphocytes and 

B - lymphocytes. They also act as non - specific anti - inflammatory and 

immunosuppressive agents. Prednisolone and methylprednisolone are the most 

frequently used corticosteroids in renal transplant patients. Long - term use of 

corticosteroids has many adverse side effects in renal transplant children, such as 

growth impairment and increased susceptibility to infection. In addition, 

corticosteroids can cause aseptic necrosis o f the bone, cataracts, Cushingoid 

appearance, glucose intolerance, hypertension, hypertrichosis and peptic ulcer.

1.2.4.2 Azathioprine

Azatbioprine impairs the synthesis o f DNA and RNA of dividing cells preventing 

cellular proliferation, particularly the activated cytotoxic lymphocytes. There are 

many side effects of azathioprine such as liver dysfunction, pancreatitis, alopecia, 

nausea and vomiting, increased risk o f infection and neoplasia and idiosyncratic bone 

marrow toxicity.
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L2.4.3 Cyclosporin A

Cyclosporin A (CSA) has played a significant role in increasing organ transplant 

survival rates in the past 10 years. It is currently considered to be one o f the most 

important immunosuppressive agents used to prevent rejection in transplant patients 

(Kahan, 1989). CSA prevents early T - lymphocyte production and decreases their 

response to Interleukin -2 (Wahrenberger, 1995).

When compared with adults, children have been shown to have faster elimination of 

CSA. Therefore, higher doses o f CSA at more frequent intervals are needed to 

achieve adequate immunosuppression in young children (Hoyer et al. 1984).

Nephrotoxicity and renal dysfunction are the most significant side effects o f CSA. 

Liver dysfunction can also occur. Hypertension is seen in more than 80% of patients 

treated with CSA. Treatment with CSA has also been associated with gingival 

enlargement (GE), which develops during the first six months o f commencing 

therapy and reaches the plateau phase in 9 to 12 months (Tyldesley and Rotter 1984; 

Daley et al. 1986; Wondimu et a l  1993; Karpinia et a l  1996).

1.2.4.4 FK506

FK 506 (Tacrolimus), a potent immunosuppressing drug, is relatively new and its use 

is limited to a few hospitals (Laskow et a l  1998). Intensive studies from different 

countries showed 74 - 98% initial success rate for tacrolimus rescue therapy of 

rejected kidneys in patients treated with CSA. Its therapeutic activity is similar to 

that o f CSA. The major disadvantages o f FK 506 are nephrotoxicity, diabetogenicity 

and neurotoxicity. However, gingival enlargement was reported to be less common 

with FK 506 than with CSA (Spencer et a l 1997).

1.2.4.5 Antilymphocyte Antibodies

Antilymphocyte antibodies deplete T - cells from the circulation. There are two 

forms available, monoclonal (0KT3) and polyclonal (ALS, ATG and ALG) 

antibodies. Both forms have been used successfully to prevent rejection in the early 

post - transplant period when cyclosporin cannot be used (Almond et a/. 1992;
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Ettenger et a l  1992). The side effects o f 0KT3 are non - cardiogenic oedema, fever, 

bronchospasm, diarrhoea, headache, vomiting, polyserositis, and septic meningitis. 

The side effects o f polyclonal antibodies range through allergic reaction, serum 

sickness, neutropenia, thrombocytopenia, and increased susceptibility to infection.

1.2.5 Post - transplant Medical Complications

1.2.5.1 Hypertension

Hypertension is a very common problem in renal transplant recipients. The 

prevalence o f post - transplant hypertension has been reported to be as high as 85% 

(Broyer 1987; Tejani, 1983).

1.2.5.2 Infections

Infections (by bacteria, viruses or fungi) are the major cause o f morbidity and death 

in renal transplant patients mainly due to the use o f immunosuppressive drugs. Most 

o f the life - threatening infections occur during the first six months after 

transplantation (Naylor et a l  1988). Staphylococcus aureus and Escherichia coli 

infections are common during the first few weeks after transplant. Klebsiella, 

Pseudomonas aeruginosa and bacteriodes were found to be the most frequent causes 

o f death in 16 renal transplant patients (Tapia et a l  1973). Candida albicans and 

cytomegalovirus were other contributing causes o f death in these patients. 

Furthermore, viral infections caused by cytomegalovirus, herpes virus and varicella - 

zoster virus are the most important complications o f organ transplantation. 

Cytomegalovirus can affect more than 70% of transplant recipients (Hibberd and 

Rubin, 1991). Post - transplantation pulmonary infections can also be a serious 

problem and some of the organisms responsible for these infections are Legionella, 

cytomegalovirus, Nocardia, Aspergillus, Mycobacterium tuberculosis and most 

importantly, Pneumocystis carinii (Bereket and Fine, 1995).

Oral infection is not a leading cause o f death in transplant patients but it was reported 

to cause fever (Wilson et a l  1982). Therefore, in patients with fever o f unknown 

origin oral infection needs to be ruled out (Eigner et a l  1986). In a study of 323
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patients who underwent renal transplantation, 57% developed infection within the 

first month after transplantation with a similar frequency in males and females. In 

these patients the infection was identified more frequently in the head and neck 

region (31%) than the three other infected sites, which were the urinary tract (24%), 

respiratory tract (22%) and sites related to trauma (10%) (Stoufi et a l  1986).

1.2.5.3 Aseptic Bone Necrosis

Corticosteroid therapy and hyperparathyroidism have been implicated in the 

pathogenesis o f aseptic necrosis although the exact cause is unknown. It was 

reported to occur in 6 - 21% of paediatric allograft renal transplant recipients 

(Hely et al 1982; Uittenbogaart et a l  1978).

1.2.5.4 Malignancies

The risk o f lip and skin carcinomas is higher in transplant recipients than in the 

general population (Wahrenberger, 1995). In children receiving renal transplant 

allografts lymphomas are the most common tumours. The use o f ALG and 0KT3 

have been implicated in the pathogenesis o f tumour development (Cockfield et a l  

1991), as have multidrug regimens and sequential immunosuppression (Melosky et 

a l  1992).

1.3 Oral Manifestations

1.3.1 Saliva in Renal Failure Children

The saliva content and rate o f flow are usually affected by renal failure. One study 

(Shasha et a l  1983) reported significantly higher salivary proteins, potassium and 

sodium and significantly less calcium and magnesium in the unstimulated saliva of 

haemodialysed adult patients compared to healthy volunteers. The haemodialysis 

caused a significant decrease in salivary concentrations o f proteins, potassium, 

sodium and phosphate but no change in calcium and magnesium.

The salivary urea nitrogen concentration in dialysis patients and healthy subjects 

were compared (Epstein et a l  1980). The urea nitrogen concentration was shown to
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be higher in dialysis patients in all four secretions examined. These were both 

unstimulated and stimulated parotid saliva and unstimulated and stimulated sub - 

mandibular saliva.

In another study (Kho et a l  1999) the flow rates o f unstimulated whole and 

stimulated parotid saliva were decreased in 22 patients receiving haemodialysis in 

comparison with healthy volunteers. On the other hand, the pH and buffer capacity 

o f the unstimulated whole saliva were increased in the haemodialysis patients, but 

the stimulated parotid saliva showed no significant difference.

The urea and ammonia concentrations were studied in nine dialysis patients aged 

7 -1 4  years, who were found to be caries - inactive since the onset o f their renal 

insufficiency (De Stoppelaar and Van Damme, 1979). On average, the urea and 

ammonia concentrations in stimulated saliva were higher in the children with renal 

failure (65mg/100ml) than that in healthy children (27mg/100ml). There was no 

significant difference in the composition o f plaque flora in the two groups of 

children, suggesting that the high levels of ammonia were the cause o f their caries 

resistance.

1.3.2 Oral Manifestations in Patients with CRF

The oral manifestations o f renal insufficiency were first described by Frerichs, 

(1851). The oral signs and symptoms of the CRF condition were reported in many 

studies. These may include ammonia - like smell, dysgeusia, stomatitis, gingivitis, 

decreased salivary flow, xerostomia and parotitis (Carlin and Seldin, 1969; Dahlberg 

et a l  1967; Epstein et a l 1980; Halazonetis and Harley, 1967; Hovinga et a l  1975).

Renal osteodystrophy is a common problem in renal failure patients resulting from 

inability o f the kidney to form the vitamin D metabolite that is essential for calcium 

absorption. The consequence o f the body’s inability to absorb calcium can lead to 

hyperparathyroidism, which is associated with maxillary and mandibular 

demineralisation, loss of trabeculation, a ground - glass appearance on radiographs, 

total or partial loss o f the lamina dura, giant cell lesions or brown tumours and 

metastatic calcification. These changes are most frequently seen in the posterior part
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of the body o f the mandible superior to the mandibular canal (Carl and Wood, 1976; 

Chow and Peterson, 1979; Sampson and Meister, 1984; Sowell, 1982; Westbrook 

1978). Other oral manifestations include tooth mobility, malocclusion, and 

metastatic soft tissue calcification. Socket sclerosis, which is abnormal bone 

remodelling after extraction, is commonly seen in patients with CRF (Burrel and 

Goepp, 1973). In addition, the incidence o f pulp calcification is very high in 

transplant patients and even more apparent in haemodialysis patients (Hutton, 1985).

A correlation between salivary urea levels and blood urea nitrogen (BUN) has been 

reported (Dahlberg et a l 1967). The elevation o f BUN over 150mg/L (normal range 

10 - 20) was shown to correlate with the occurrence o f uraemic stomatitis, which 

manifests as red mucosa covered with a thick pseudomembrane or as an ulcerative 

form also with a pseudomembrane. The onset o f uraemic stomatitis is from a few 

days after BUN elevation and the resolution at two to three weeks after the BUN 

level returns to normal.

Another very common problem is enamel hypoplasia (EH), which is fi*equently seen 

in patients with renal disease (Woodhead et a l  1982; Jaffe et a/. 1986; Nunn et a l  

2000). The location o f the hypoplastic enamel in the permanent teeth corresponds 

with the age o f onset of CRF. The EH was attributed to the poorly formed enamel 

produced by ameloblast disruption due to numerous systemic insults. These included 

hypocalcaemia along with decreased serum levels o f 1,25 dihydroxycholecalciferol 

and raised serum levels o f inorganic phosphate and serum parathyroid hormone 

(Woodhead et a l  1982). Elevated serum fluoride level causing fluorosis may be an 

aetiological factor in the development o f dental defects in children with CRF, as the 

kidneys play an important role in removing the inorganic fluoride fi*om the body 

(Warady et a l  1989). Warady et a l  have stated that the usual dietary loads of 

fluoride would be excreted until the creatinine clearance decreased to 

25ml/min/1.73m^ and that fluoride clearance in children with mild CRF 

(86ml/min/1.73m^) is as much as 25% less than normal. Also it has been found that 

fluoride clearance is directly correlated with creatinine clearance (Spak et a l  1985).
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Low caries incidence has been reported in various studies (Chow and Peterson, 1979; 

Sowell, 1982; Sampson and Meister, 1984; Jaffe et a/. 1986; Nunn et a l  2000). In an 

effort to understand the low prevalence o f caries in patients with CRF the properties 

o f saliva and dental plaque affecting the caries process were investigated (Peterson et 

a l  1985). This study demonstrated that plaque pH correlates directly with salivary 

urea nitrogen concentration. The pH was found to be significantly more alkaline in 

patients with CRF compared to two other groups of renal transplant children and 

healthy children. The children with CRF had significantly less dental caries than the 

renal transplant and healthy children. The absolute pH drop fi’om base line following 

carbohydrate exposure was not different between the three groups o f children, even 

though the baseline plaque pH was increased in subjects with CRF.

It was suggested that transplant patients are different from patients with CRF as they 

may be at increased risk o f caries (Peterson et a l  1985).

1.3.3 Oral Manifestations in Renal Transplant Patients

As lifelong immunosuppression therapy is essential for renal transplant recipients, 

infection is one o f their primary health concerns. Acute and chronic oral infections 

or bacteraemia associated with dental procedures can result in serious complications 

where resistance to infection is already low (Eigner et a l  1986). Therefore, sources 

o f infection must be eliminated before transplantation. Diagnosis o f infection can be 

difficult in renal transplant patients due to the inflammation - suppressing action of 

steroids.

Thrush - like oral lesions were reported in seven immunosuppressed renal transplant 

patients. Although these lesions resembled candidal thrush, they were proved to be 

associated with bacterial growth and not with Candida (Tyldesley et a l  1979). The 

involved bacteria were staphylococci, streptococci. Neisseria, Coliforms and 

Lactobacilli.

With regard to gingival and periodontal status, it has been demonstrated that there is 

no significant correlation between bacterial plaque and gingival inflammation or the 

degree o f periodontal destruction in renal transplant recipients. This was attributed 

to the inhibition of the signs of periodontal disease by the immunosuppressive
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medication (Schuller et a l  1973; Oshrain et a l  1979). A later study demonstrated a 

statistically significant correlation between plaque and gingivitis scores in such 

patients and that patients taking immunosuppressive drugs had less gingivitis than 

control patients with similar amounts o f dental plaque (Kardachi and Newcomb, 

1978; Tollefsen and Johansen, 1985a). It has been suggested that the small size o f 

the groups studied and the different systems o f scoring used may explain these 

discrepancies. Immunosuppression does not appear to aggravate periodontal disease 

(Tollefsen and Johansen, 1985b).

Another common finding in renal transplant patients is gingival enlargement induced 

by the immunosuppressive drug cyclosporin A and / or Nifedipine, which are 

commonly used in all patients undergoing organ transplantation (Seymour and 

Jacobs, 1992). The development o f cyclosporin A induced gingival enlargement has 

been reported to be positively correlated to the plasma concentration o f the drug 

during the first six months (Starzl et a l  1981; Seymour et a l  1987). The cyclosporin 

A induced gingival enlargement ranged fi*om 24% to 81% in adult renal transplant 

patients (Phillips et a l  1988; Friskopp and Klintmalm, 1986). It was reported that 

adults with blood cyclosporin A trough levels of greater than 400pg/ml were at 

significantly greater risk of developing gingival enlargement than subjects with 

lower levels (Hefii et a l  1994). Cyclosporin A is directly secreted fi*om the salivary 

glands into the oral cavity and individual variations in salivary cyclosporin A levels 

have been reported (McGaw et a l  1987). However, it was reported that FK506 

(tacrolimus), would have less effect on the gingivae (Spencer et a l  1997; Thorpe et 

a l  2000).

There is little to be found in the literature on the prevalence and duration of 

cyclosporin A induced gingival hyperplasia in children and adolescents, although 

studies have reported a 13 - 85% occurrence o f gingival hyperplasia in young 

patients on cyclosporin A therapy (Tejani 1987; Saravia et a/. 1990; Seow et al 1991; 

Wondimu et a l  1993; Allman et a l  1994). It was reported that drug induced 

gingival enlargement occurred more frequently in children compared to adults. 

However, there was no difference found in the severity o f the gingival enlargement 

(Daley and Wysocki, 1984). The development o f cyclosporin A induced gingival
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enlargement has been positively related to the total dose o f the drug administered to 

renal transplant children during the first six months post - transplant (Wondimu et a l

1993).

Nifedipine has been shown to cause gingival enlargement after the first month o f 

administration. Most changes will occur within the first nine months o f therapy 

(Tagawa et a l  1989; James and Linden 1992). The prevalence o f gingival 

enlargement associated with nifedipine therapy is controversial and has been 

reported in the literature as between 14.7% and 83% (Tagawa et a l  1989; Fattore et 

a l  1991; Akimoto et a l  1991; Burkes and Stevens, 1992). There was an increase in 

the severity and incidence of gingival enlargement in renal transplant patients when 

combining both cyclosporin A and nifedipine (Thomason et a l  1993). It is unclear if  

the drugs are acting synergistically or additively (Seymour, 1991).

The development of cyclosporin A induced gingival enlargement is associated with 

increased plaque accumulation (Daley et a l  1986; McGaw et a l  1987; Allman et a l

1994). Although many studies have shown a correlation between gingival 

enlargement and oral hygiene, it is not known whether poor oral hygiene is a 

consequence or a cause o f gingival enlargement (Seymour et a l  1994). The 

pathophysiology is still not identified although several theories have been suggested 

(Seymour et a l  1987). Genetic, hormonal, idiopathic and iatrogenic factors and 

inflammation all contribute to the formation o f gingival enlargement (Hassell and 

Hefti 1991; Seymour and Jacobs 1992).
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1.4 Oral Microflora
The oral cavity harbours a large and variable microbial population. The oral 

microflora is associated with a number of oral diseases such as dental caries and 

periodontitis and is the source of opportunistic pathogens associated with infection in 

immunocompromised patients (Marsh and Martin, 1992). Little is known about the 

composition o f the oral micro flora in children with renal failure and their associated 

problems.

1.4.1 Fungal Species

Candida is the most common fungal genus isolated from the oral cavity. Candida 

species are associated with two main diseases in the oral cavity, candidiasis and 

caries, with host factors being important in the pathogenesis o f oral candidosis 

(Marsh and Martin, 1992). Patients treated with corticosteroids have an increased 

susceptibility to fungal infections (Frenkel, 1962). Fungal infections represent 9% to 

14% of systemic infections following renal transplantation (Gallis et a l  1975) and 

C. albicans was found to cause death in renal transplantation patients (Tapia et a l 

1973).

It was reported that C. albicans, which is the principal fungal species associated with 

oral infections, is capable o f colonising saliva -  coated surfaces as well as its ability 

to adhere to several oral streptococci species including S. gordonii, S. oralis and 

S. sanguinis (O’Sullivan et al. 2000).

The prevalence of the oral carriage o f yeasts in healthy volunteers varied from 2% to 

71% with a median of 34% (MacFarlane, 1990). In Chinese subjects in Hong Kong 

the yeast prevalence was 24% (Sedgley and Samaranayake, 1994) and in a similar 

study in the UK it was 21% (Samaranayake et a l 1989). An increased prevalence of 

oral yeast carriage was reported in patients who are medically compromised (Odds, 

1988; Samaranayake, 1990), patients who are HIV - positive (Pindborg, 1989) and 

individuals with denture stomatitis (Budtz - Jorgensen, 1990). The isolation 

frequency of oral yeast in children in hospitals was reported as 46% (Marks et a l

1975), in hospitalised adults as 53% (Sedgley et al. 1995) and in renal transplant 

recipient adults as 59% (Greenberg and Cohen, 1977).
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An investigation o f 265 living related renal allograft recipients receiving 

immunosuppressive drugs demonstrated an increased risk o f developing oesophageal 

candidiasis. O f these, 42.9% had oral thrush (Gupta e/a/. 1994). It was also 

reported that Candida from the oral cavity can colonise the stomach and silicone 

gastrostomy feeding tubes, which may cause deterioration o f the tubes (Gottlieb and 

Mobarhan, 1994). It was also assumed that the gastrostomy tubes used for 20 

malnourished patients were probably colonized by oral Candida as the species 

isolated from each site was identical (Gottlieb et al. 1994).

1.4.2 Lactobacilli

Lactobacilli are commensal organisms in humans. Lactobacilli are associated with 

the aetiology of dental caries, rheumatic vascular disease, septicaemia and infective 

endocarditis. Lactobacilli have been identified as relatively virulent pathogens 

causing bacteraemia in immunocompromised and seriously ill patients, particularly 

those receiving broad-spectrum antibiotic therapy (Husni et a l  1997). In children 

aged less than 2 years, oral lactobacilli have been isolated in low numbers and are 

transient colonisers (Carlsson et al. 1975). However, other workers have reported 

significant counts o f lactobacilli at a very early age (McCarthy et a l  1965; Onisi et 

a l  1959).

Although lactobacilli constitute a small proportion o f the total oral flora, their 

importance in the aetiology of dental caries has been described (Loesche et al. 1975). 

The aciduric property of lactobacilli and their ability to colonise acidic mechanical 

retentive areas assists their role in caries development (Van Route et al. 1972). A 

positive correlation between oral lactobacilli and dental caries and filled surfaces has 

been established in many studies (Zickert et al. 1982; Alaluusua et al. 1987; Kohler 

and Bjamason, 1992; Beighton et a l  1996). The isolation frequency o f lactobacilli 

depends on age, diet and oral hygiene (Takei et a/. 1971; Crossner 1984; Claesson 

and Crossner 1985). In addition, the presence o f lactobacilli has been used as a 

predictor o f dental caries activity (Crossner, 1981; Stecksen - Blicks, 1985).

40



1.4.3 Enterobacteriaceae

Members of the family Enterobacteriaceae are transient oral colonisers. The 

acquisition of Enterobacteriaceae can also be from exogenous sources like water, 

food, the hands of hospital personnel or even hospital equipment (Shanson, 1989). 

Their colonisation can be influenced by several factors. Enhanced colonisation o f 

certain Enterobacteriaceae species by the presence o f Candida albicans has been 

reported (Sedgley et a l  1996). These Gram - negative bacilli have been isolated 

from the oral cavity of both healthy and sick individuals. The prevalence has been 

reported to be 4% in two different studies. One included a group o f 25 healthy 

Malaysian children (Philpot et a/. 1980) and another consisted o f 490 healthy children 

in Minnesota (Hable et a/. 1971). Another study showed a slightly higher prevalence 

(16%) in 50 healthy children in Scotland (Ross, 1971). However, in a later study no 

Enterobacteriaceae were isolated from 20 healthy children (Scully and MacFarlane, 

1983).

In medically - compromised children a wide variation in the prevalence o f 

Enterobacteriaceae has been shown. In the study o f 25 Malaysian children with 

pharyngitis the prevalence of Enterobacteriaceae in samples taken from the posterior 

pharynx and tonsillar area was 12% (Philpot et a l  1980). However, in samples from 

the same site taken from children with acute upper respiratory illness the prevalence 

was greater than 5% (Hable et a l  1971). In another study o f 44 oncology patients 

aged from 1 year to 16 years, in remission and attending an outpatient clinic, no 

Enterobacteriaceae were detected in swabs taken from the floor o f the mouth, dorsum 

of the tongue and upper right buccal vestibule (Scully and MacFarlane, 1983). A low 

incidence was reported in a later study that investigated the oral microflora o f children 

with acute leukaemia undergoing cytotoxic treatment. Gram - negative bacteria were 

isolated from only 7 out of 34 children during treatment and maintenance phases and 

during an infection episode (O’Sullivan et a l  1993). In a more recent study on liver 

transplant children, Enterobacter species and an unidentified Gram - negative bacillus 

were isolated from only one of the 27 patients included in this study (Sheehy et a l  

2000).
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The length o f hospitalisation and antibiotic administration were not found to be related 

to the increased prevalence of aerobic Gram - negative bacilli in physically ill or 

moribund patients (Johanson et a l  1969). In contrast, a later study showed that 

hospitalisation and attendant treatment procedures may result in increased oral and 

oropharyngeal colonisation by Enterobacteriaceae. The prevalence of 

Enterobacteriaceae was 57% of 14 patients hospitalised for more than 2 months 

compared to 24% of 17 patients hospitalised for one to three days (Wahlin and Holm,

1988). In addition, similar observations were reported by other workers (Sedgley et a l

1995). The study showed a higher prevalence o f Enterobacteriaceae in adult patients 

hospitalised for longer than 15 days compared to those hospitalised for 8 to 15 days.

1.4.4 Enterococci

Enterococci are found mainly in the gastrointestinal tract and temporarily in the 

vagina, oral cavity and dental plaque. Enterococci may be isolated from the healthy 

human mouth but only as a minor proportion of the total streptococcal flora (Hardie 

and Bowden, 1974).

Enterococci are associated with factors that may correlate with pathological changes in 

the host. For example, E. faecalis, which is the most commonly isolated enterococci in 

the oral cavity, produces sex pheromones and plasmid encoded pheromone inhibitors, 

which are chemotactic for polymorphonuclear leukocytes in vitro. They can also 

produce a plasmid - encoded haemolysin associated with increased severity of 

infection. In addition, enterococci are capable o f inducing platelet aggregation and 

tissue factor - dependent fibrin production, which may be relevant to the pathogenesis 

o f enterococcal endocarditis (Johnson, 1994). Enterococcal endocarditis has been 

reported in two patients on haemodialysis following dental scaling (Goodman et al. 

1969, Wyler et a l  1972).

The incidence o f oral enterococci in both healthy and unhealthy groups o f the 

population (healthy subjects, dental clinic patients, laboratory personnel, patients 

with high caries prevalence, antibiotic treated patients, school children, endodontic 

patients, hospital staff and long term in - patients) was reported to vary from 0% to 

75% (Williams et a l  1950; Engstrom, 1964; Gold et a l  1975; Mejare, 1975;
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Sukchotiratana et a l  1975; Phillips et a l  1976; Campbell et a l  1983; Sundqvist et 

a l  1998). A study of naval recruits during an epidemic o f an upper respiratory tract 

virus showed a higher isolation frequency of enterococci in the saliva samples of 

those infected with the virus (34%) than of the healthy naval recruits (3.6%) (Bahn et 

a l  1960). In adults with head and neck cancer, the enterococcal frequency was 

found to be significantly higher (27.5%) when compared with healthy controls (10%) 

(Streckfuss et a l  1988).

A different study demonstrated a significantly greater oral isolation frequency of 

enterococci in chronic dialysis patients (38%) and chronic cardiac patients (25%) 

compared with dialysis staff (0%) and dental hospital outpatients (5%) (Campbell 

et a l  1983). Nine of the 11 isolates found in this study were E. faecium and two 

were E. faecalis. These findings were contradicted by a later study which showed no 

significant difference in the overall carriage rates o f enterococci between 

haemodialysis patients, dialysis unit staff, patients with toothache and a university 

student group (Smyth et a l  1987). It was found that E. faecalis was the most 

frequently isolated species followed hy E. liquefaciens, while only one subject 

harboured E. durans.

1.4.5 Oral Streptococci

Oral streptococci are the predominant inhabitants o f the human oral cavity and upper 

respiratory tract. They are associated with the aetiology of several diseases. These 

include bacterial endocarditis and acute glomerulonephritis (Douglas et a l  1993; 

Cunningham, 2000), dental caries (Loesche, 1986) and opportunistic infections of 

oral and non - oral sites in healthy and immunocompromised patients (Beighton et a l 

1994; Classen et a l  1990; Whiley et a l  1992).

Streptococci were considered to be major components o f the oral flora in the mouth 

of neonates and throughout the first year o f life. In one study, S. salivarius was 

isolated from half o f the neonates (McCarthy et a l  1965). S. salivarius was also 

considered to be amongst the predominant components o f the oral microflora of 

adults (Krasse, 1954). Other streptococci like S. milleri and S. sanguis have been 

detected as minor (30%) and transient organisms in the mouths o f infants before the
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eruption o f teeth (Edwardsson and Mejare, 1978). Another study showed that the 

dominant species isolated and identified from samples taken from the mouths of 

infants aged one to three days, two weeks and one month were S. mitis biovar I and 

S. oralis (55%), and S. salivarius (25.3%) and the combination of S. anginosus,

S. mitis biovar H, S. sanguis and S. gordonii (11.4%) (Pearce et al. 1995).

Different results on the prevalence o f S. salivarius in the mouths o f newborn infants 

have been reported. S. salivarius has found to occur occasionally in newborn infants 

(Torray and Rees, 1945), in 50% of infants examined (McCarthy et al. 1965), and in 

all infants in high numbers (Onisi et al. 1959).

An early study of breast - fed babies aged six months showed that no S. salivarius 

was detected during this period. After the introduction o f a supplement o f cereals 

with sugar S. salivarius became dominant. The exclusion o f this supplement from 

the diet resulted in the disappearance o f S. salivarius (Belding and Belding, 1940).

1.4.5.1 Classification and Identification o f Oral Streptococci

The name viridans streptococci has been used to collectively describe the oral 

streptococci despite reported biochemical and serological heterogeneity (Sherman, 

1937). The term refers to the partial hemolysis produced on blood agar often 

producing green colouration o f the agar (alpha hemolysis). The name Streptococcus 

viridans also includes non - haemolytic streptococci.

Many studies over the years have tried to clarify the taxonomy o f the oral 

streptococci. The genus Streptococcus was divided into four primary divisions; 

pyogenic, viridans, lactic and enterococcus (Sherman, 1937). The groups within the 

division were then characterised by biochemical tests. This classification o f 

Streptococcus viridans was considered to be unsatisfactory and many studies 

involving extensive biochemical and physiological characterisation o f oral 

streptococci have been carried out subsequently.

One scheme proposed six species; S. salivarius, S. mitior, S. milleri, S. sanguis and 

S. mutans, which are oral streptococci and another species, S. pneumoniae (Colman
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and Williams, 1972). This characterisation was made on the basis o f physiological 

and biochemical tests and cell wall analysis.

Five viridans streptococci were recognised in another study (Hardie and Bowden,

1976) including S. salivarius, S. milleri, S. sanguis type I, S. mitior or S. sanguis 

type n, and S. mutans. The complete classification was still limited by unnamed 

groups and intermediate strains. The tests used were acid formation in mannitol and 

sorbitol broth, hydrolysis o f arginine and aesculin, hydrogen peroxide production on 

chocolate agar, production of acetoin from glucose and production o f dextran from 

sucrose. Another major study (Facklam, 1977) has biochemically characterised 

1,227 clinical strains and compared them with 80 reference strains. The viridans 

streptococci were described as S. mutans, S. mitis, S. sanguis I, S. sanguis n,
S. salivarius, S. MG - intermedians, S. angionosus constellatus, and non - human 

S. uberis and S. acidominimus.

The raffinose - fermenting strains designated as S. sanguis and S. mitior by Colman 

and Williams, (1972) were later designated S. sanguis I and S. sanguis n, 

respectively (Facklam, 1977). Non - raffinose fermenters were designated S. mitis in 

Facklam's scheme. In addition, those strains designated S. milleri by Colman and 

Williams, (1972) were designated S. MG - intermedius if  lactose - fermenting and 

S. anginosus constellatus if  not lactose - fermenting in Facklam’s scheme. The 

scheme o f Colman and Williams is usually used by European laboratories while the 

Facklam scheme is mainly used in the USA and several identification kits have been 

based on it (Peterson et a l 1988).

Genotypic data from DNA - DNA re - association experiments, peptidoglycan 

analysis, multilocus enzyme electrophoresis, and DNA - rRNA gene sequence 

analysis have resulted in clarifying the classification o f oral streptococci (Bentley et 

al. 1991; Hardie and Whiley, 1994; Kawamura et al. 1995). Consequently, a scheme 

o f viridans streptrococci has been suggested. The oral streptococci have been 

divided into four groups; S. mutans, S. salivarius, S. mitis and S. anginosus.
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A different study introduced another approach for identification o f S. gordonii,

S. mitis, S. oralis, S. sanguis, S. salivarius, S. mutans and S. anginosus. The 

identification was based on fiuorogenic and chromogenic substrates for the detection 

o f glycosidic hydrolases, esterases, lipase, peptidase, phosphatase, sialidase and tests 

for the detection o f IgA protease, in addition to conventional carbohydrate 

fermentation and hydrolysis tests (Kilian et a l  1989).

A further scheme for identification o f viridans streptococci has been developed (Whiley 

e ta l  1990; Beighton e/fl/. 1991a; 1991b). This is based on carbohydrate fermentation 

tests and enzyme hydrolysis tests using a range of 4 -  methylumbelliferyl - linked 

fiuorogenic substrates (Table 1.2). This scheme helped in identifying oral streptococci.

Description o f the major groups of oral streptococci is as follows:

Mutans Group

S. mutans and S. sobrinus are the predominant species isolated fi*om human saliva 

and dental plaque. S. mutans was found to have a principal role in the initiation o f all 

types o f dental caries (Loesche, 1986). Nevertheless, the role o f these bacteria in the 

aetiology of caries is not fully understood. The prevalence and proportion of 

S. mutans in pre - dentate infants was found to be low, suggesting that they are not 

indigenous (Edwardsson and Mejare, 1978). A positive association between 

S. mutans and different carious lesions has been demonstrated (Duchin and Van 

Houte, 1978; Beighton et a l 1985; Kristoffersson et a l  1985)

A number of biochemical schemes have been proposed to differentiate the various 

species o f mutans streptococci (Shklair and Keene 1974; Coykendall 1974; Hardie 

and Bowden 1976; Krai, 1981). These schemes were limited to small numbers of 

representative strains. A biochemical scheme for identification of S. mutans and 

S. sobrinus has been established (Beighton et a l  1991b). S. mutans were divided 

into two biotypes, melibiose - fermenters and non - melibiose fermenters. The non - 

melibiose fermenter strains were less likely to produce a  - glucosidase and 

a  - galactosidase, less likely to hydrolyse aesculin and fermented amygdalin and 

raffinose less frequently than the melibiose - fermenting strains.
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Table 1.2: Differential phenotypic characteristics o f viridans streptococci. Adapted from Beighton et aL (1991a, 1991b) and Whiley et a l  (1990)

Enzyme Activity
Species of Viridans Streptococci

A B C D E F G H I J K L M
p-Fucosidase d d - - - - - d + - - - -

p-N-Acetylgal-dase - + d + + - - - + - - - -

a-N  euraminadase - - - - + d - - + - - - -

a-L-Fucosidase - d + + - - - - - - - - -

P-N-Acetylglu-dase d + + + + - - - + - - - -

a-Glucosidase - + d - + + d d + + - + +
p- Glucosidase d d + - - - - d d - + + -

a-Arabinosidase - d - - - - + + - - - - -

Acid Produced From:
Amygdalin d d + - - - d d d d + + -

Inulin d - + - - d - d - - - + -

Mannitol - - - - - - - - - - - + +
N-Acetylglucosamine + + + + + + + + + d d + -

Raffinose d d - - d + - d - - d + -

Hydrolysis of:
Arginine + + + d - - - - + + + - -

A S. sanguis F S. mitis K S. anginosus + >85% of strains positive
B S  parasanguis G S. vestibularis L S. mutans d 15-85% of strains positive
C S gordonii H S. salivarus M S. sobrinus - <15% of strains positive
D S. crista I S. intermedius
E S. oralis J S. constellatus

<1

P-N-Acetylgal-dase = p-N-Acetylgalactosaminidase 
P-N-Acetylglu-dase = p-N-Acetylglucosaminidase



s. sobrinus demonstrated a poor overall ability to ferment the same range of 

carbohydrates. The majority of S. sobrinus strains can produce a  - glucosidase and 

only a few strains were capable o f producing p - glucosidase.

Salivarius Group

This group includes S. vestibularis and S. salivarius. S. salivarius hydrolyses 

aesculin and urea but not arginine and can usually ferment amygdalin, arbutin, 

insulin, lactose, N - acetylglucosamine and raffinose. S. salivarius is unable to 

ferment mannitol or sorbitol. It exhibits p - D - fiicosidase, p - glucosidase, 

a  - glucosidase, a  - arabinosidase, p - galactosidase and a  - galactosidase activities 

(Beighton et al. 1991a). It can produce an extracellular material called levan from 

sucrose (Niven et a l  1941). The S. vestibularis is a more recent oral species that is 

found mainly in the vestibular mucosa o f the human mouth (Whiley and Hardie,

1988). It can ferment N - acetylglucosamine, arbutin, fructose, galactose, glucose, 

lactose, maltose, mannose, salicin and sucrose. Most strains can produce acid 

fi-om amygdalin. The species hydrolyses aesculin but not arginine. It produces 

a  - arabinosidase, a  - galactosidase and p - galactosidase. The hydrolysis o f both 

starch and urea, the production of hydrogen peroxide, the failure to ferment raffinose, 

melibiose or inulin and the inability to produce P - D - fiicosidase or p - glucosidase 

all can distinguish S. vestibularis fi*om S. salivarius. Furthermore, S. vestibularis 

does not produce extracellular polysaccharide from sucrose (Beighton et al. 1991a; 

Coykendall, 1989).

Anginosus Group

This group was previously called the Milleri Group (Guthof 1956) and comprises 

three closely related species; S. anginosus, S. constellatus, S. intermedius. These 

streptococci are normal inhabitants o f the oral cavity and found to be associated with 

oral and non - oral purulent infections. For many years there was confusion about 

the classification of these streptococci then Colman and Williams (1972) identified 

the Milleri group and included species with similar biochemical and physiological 

characteristics. On the other hand, Facklam (1977) divided the group into lactose 

fermenters called S. MG - intermedius and lactose non - fermenters called
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s. anginosus constellatus. Later Facklam tried to clarify the confusion caused by 

these schemes and called the p - hemolytic strains S. anginosus and the non - 

hemolytic strains were divided into S. intermedius (lactose fermenters) and 

S. constellatus (non - lactose fermenters) (Facklam, 1985).

Similar confusion has been reported with using DNA - DNA hybridisation as to 

whether these streptococci represent a single or three separate species. Some authors 

reported that these streptococci represented a single species (Welbom et a l  1983; 

Ezaki et a/. 1986; Coykendall et a l 1987), whereas the many nucleic acid studies 

support the recognition of three separate but closely related species; S. anginosus,

S. constellatus and S. intermedius (Whiley and Hardie 1989; Whiley and Beighton 

1991).

Mitis Group 

S. mitis

S. mitis was described very early as a rarely pathogenic steptococcus that cannot 

ferment raffinose and inulin (Andrewes and Horder, 1906). Then Colman and 

Williams (1972) suggested the name S. mitior for those that have ribitol but no 

rhamnose in their cell wall. Furthermore, Facklam (1977) divided S. mitior into 

S. sanguis II, which is a S. sanguis - like strain that can produce glucan and ferment 

raffinose and S. mitis, which cannot produce glucan or ferment raffinose.

In 1980, the Approved List of Bacterial Names (Skerman et a l 1980) did not accept 

S. mitior but did accept S. mitis with NCTC 3165 chosen as the type strain. 

Subsequently, the type strain S. mitis NCTC 3165 was identified as S. gordonii. 

Therefore, type strain NCTC 11261 was assigned for S. mitis and NCTC 3165 for 

S. gordonii type strain. S. mitis is divided into two groups; biovar I and biovar II 

(Kilian et a l  1989) according to their ability to hydrolyse arginine, more frequent 

fermentation o f melibiose and raffinose, production o f p - glucosaminidase and 

inability to produce IgA protease and sialidase. Both biotype groups o f S. mitis 

strains produce acid from N -  acetyl - glucosamine, fructose, galactose and maltose 

and the majority of strains produce acid from lactose, melibiose and raffinose.
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Aesculin is not hydrolysed and strains produce p - fucosidase and a  - glucosidase 

(Kilian et a l 1989). The type strain is NCTC 12661.

S, oralis

S. oralis was first identified as a distinct species by Bridge and Sneath (1982). The 

description was later amended and reported (Kilpper - Balz et a l  1985; Kilian et a l

1989). Some o f the S. oralis strains were the previously designated S. sanguis II 

(Facklam 1977) and S. mitior (Colman & Williams 1972).

S. oralis produces acid from N - acetylglucosamine and lactose and sometimes from 

melibiose and raffinose. Arginine and aesculin are not hydrolysed. S. oralis produces 

p - galactosidase, a  - glucosidase, sialidase, N -  acetyl - p - galactosaminidase and 

N -  acetyl - p - glucosaminidase. Reports have shown variation in the proportion of 

5". oralis that can produce p - fucosidase (Kilian et a l  1989; Beighton et al 1991a). Its 

cell wall contains ribitol teichoic acid but little or no rhamnose. The type strain is 

NCTC 11427 (Whiley and Beighton, 1998).

S. sanguis (the recent correction of its latin nomenclature is S. sanguinis, Truper and 

De’ Clari, 1997).

S. sanguis produces extracellular polysaccharide (dextran) from sucrose, hydrolyses 

arginine and aesculin and ferments N -  acetyl - glucosamine, fhictose, galactose, 

lactose and maltose.

The majority o f strains are able to ferment arbutin, melibiose and raffinose. A 

minority o f strains are able to ferment amygdalin, inulin, sorbitol and starch. In 

addition, the majority of strains produce a  - galactosidase and p - glucosidase and a 

few strains can produce p - galactosidase (Kilian et a l  1989; Beighton et a l  1991a). 

The S. sanguis species are considered to be one o f the most common streptococci 

associated with infective endocarditis (Douglas et a l  1993). The name S. sanguis 

was originally used for dextran producing strains. However, Colman and Williams 

(1972) included both the dextran producing and non - producing strains within the 

S. sanguis species but excluded those strains that are unable to hydrolyse arginine 

and aesculin and which lack rhamnose in their cell walls and designated them as
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s. mitior. Another taxonomic scheme was proposed in the USA by Facklam (1977) 

and considered S. sanguis as S. sanguis biotype I and S. mitior was divided into 

S. sanguis biotype II (raffinose fermenters) and S. mitis (non - raffinose fermenters).

From genetic studies, four genetic groups were recognised among strains designated 

S. sanguis {S. sanguis I). The four groups are, S. sanguis., S. gordonii (Kilian et al.

1989), S. parasanguis spp.nov. (Whiley et al. 1990) and S. crista (Handley et al.

1991).

S. sanguis was divided into 4 biovars (Kilian et al. 1989) and later into 3 biotypes 

(Beighton et al. 1991a). This may be due to the range o f different isolates used in the 

two studies and the use o f different phenotypic tests. The type strain NCTC 7863 

was assigned for S. sanguis.

S. gordonii

S. gordonii was recognised previously as S. sanguis subspecies sanguis (Coykendall 

and Specht, 1975). It also includes the previous type strain for S. mitis NCTC 3165 

that was excluded from the true S. sanguis group. Both S. gordonii and S. sanguis 

are able to hydrolyse arginine and aesculin and the majority o f strains produce 

extracellular polysaccharides fi"om sucrose (Kilian et al. 1989). S. gordonii has 

40 - 60% DNA sequence homology with S. sanguis (Coykendall and Specht, 1975). 

Kilian et al. (1989) divided S. gordonii strains into 3 biovars. Strains o f biovar 1 

are able to ferment melibiose and raffinose, whereas the biovars 2 and 3 are 

differentiated by the more frequent production of extracellular polysaccharide and 

a  - galactosidase and less frequent fermentation o f inulin by biovar 2.

S. parasanguis (the recent correction o f its Latin nomenclature is S. parasanguinis, 

Truper and D e’ Clari, 1997)

S. parasanguis produce acid fi*om N -  acetyl - glucosamine, fructose, galactose, lactose 

and maltose. It hydrolyses arginine and some strains hydrolyse aesculin. It produces 

a  - galactosidase, a  - glucosidase, p - galactosidase, p - N - acetylgalactosaminidase 

and p - N - acetyglucosaminidase. Few strains produce a  - arabinosidase, a  - fucosidase 

and p - glucosidase. Sialidase and p - glucuronidase are not produced (Beighton et al.
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1991a; Kilian et a l  1989). Inulin is not fermented by S. parasanguis. The majority of 

strains ferment melibiose and raffinose and few strains ferment amygdalin and arbutin.

S. crista (the recent correction of its Latin nomenclature is S. cristatus, Truper and 

De’ Clari, 1997).

S. crista species are characterised by tufts o f fibrils on the lateral position of the cell 

surface. They have previously been known as either S. sanguis I (Handley et a l  

1985), the CR Group (Douglas et a l  1990) or the tufted fibril group (Beighton et a l  

1991a). DNA - DNA hybridisation distinguished the species as a new, different but 

closely related to S. sanguis and S. gordonii. Only some strains produce extracellular 

polysaccharide (glucan) from sucrose.

Acid is produced from N - acetyl - glucosamine, arbutin and lactose. Arginine is 

hydrolysed but not aesculin. They produce a  - fucosidase, p - N - acetylglucosaminidase 

and p - N - acetylgalactosaminidase. Few strains produce P - galactosidase (Beighton et 

a l  1991a).

1.5 In Vitro Antibiotic Sensitivity Testing of Oral Streptococci

There are a number o f reports on the sensitivity of streptococcal isolates to 

antimicrobial agents. The a  - haemolytic and non - haemolytic streptococci are 

generally sensitive to penicillin although resistant strains have been reported (Phillips 

et a l  1976). Two clinical strains o f S. mitis with unusually high MIC values for beta 

- lactam antibiotics were reported in Germany (Konig et a l  1998). In USA, two 

clinical cases o f penicillin - resistant viridans streptococci have also been reported 

(Quinn et a l  1988). These isolates were S. intermedius (from post - neurosurgical 

meningitis patients) and S. mitis (from a leukaemic patient with neutropenia).

Another study showed that of 211 viridans streptococci isolated from blood, 29 

isolates were at least partially resistant to penicillin (Potgieter et a l  1992). It also 

showed that several strains of S. mitis have high levels of resistance to 

aminoglycosides and no evidence of synergy with a combination o f penicillin and 

gentamicin against these strains was found. On the other hand, a study with 

endocarditis cases showed that most o f the streptococcal isolates were susceptible to 

penicillin (van der Meer et a l  1991). However, two streptococcal strains from
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endocarditis patients were found to be resistant to teicoplanin (Wilson and Gaya,

1996).

The prevalence of penicillin - resistant oral streptococci was evaluated in healthy 

children and also in both paediatric and adult patients with leukaemia (Guiot et al.

1994). The healthy children had not received antibiotics in the three months before 

an oral swab was taken. Twenty isolates o f oral streptococci were isolated from the 

swabs. Eleven of these isolates were resistant to penicillin with the disc diffusion 

method. The prevalence o f resistant isolates in the leukaemic children aged more 

than 15 years was significantly higher than in the adult leukaemic patients. But no 

significant difference was found between the prevalence o f resistant isolates in the 

leukaemic children and the healthy control children.

Another study included 47 isolates o f viridans streptococci from blood cultures of 

patients with febrile neutropenia receiving ciprofloxacin prophylaxis. The method 

used was the agar dilution technique. Seventeen percent o f the isolates were resistant 

to benzyl penicillin, 21% were intermediately susceptible to benzyl penicillin and 

89% were susceptible to amoxicillin. All o f the isolates demonstrated susceptibility 

to imipenem, teicoplanin and vancomycin (McWhinney et al. 1993).

Using the E - test method, the susceptibility of 278 streptococci and enterococci 

isolates from blood cultures to seven antibiotics was reported. Thirty seven percent 

o f S. mitis isolates were partially susceptible to penicillin and 7.4 % were resistant.

S. anginosus, S. oralis, S. mutans, S. salivarius and S. sanguis isolates were all 

susceptible to penicillin, although 34.2% were only intermediately susceptible. All 

the viridans streptococci were sensitive to clindamycin but resistant to erythromycin 

(Renneberg er a/. 1997).

The antimicrobial resistance in Gram - positive pathogens from 30 centres in the UK 

was studied over a four-month period. Enterococci were included among the 

isolates. E. faecalis was found to have a similar resistance profile to antibiotics and 

only four isolates were considered resistant to glycopeptide antibiotics (Andrews et 

al. 1999).
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The prevalence o f vancomycin resistant intestinal enterococci was found to be low 

among 338 children with end stage renal failure treated in 13 nephrology units in mid 

- Europe (von Baum, et a l  1999).

There is a substantial body o f evidence that the use o f antibiotics can be associated with 

the development of resistant bacterial strains. For example in a group o f children who 

had been treated for otitis media with common antibiotic protocols, 60 % harboured

S. sanguis species that were resistant to at least one o f the antibiotics tested. These 

included penicillin, amoxicillin, trimethoprim sulfamethozole and erythromycin 

(Erickson and Herzberg, 1999). Almost half o f these strains were found to be resistant 

to two or more antibiotics.

The resistance to antibiotics can occur by changing the target site on the bacteria (for 

example penicillin - binding protein o f S. pneumoniae) or by inactivation o f anti - 

microbials such as penicillinases or carbapenemases. In addition, the access of 

antimicrobials can be prevented by the ability o f the organism to change its cell wall 

permeability or by an efflux mechanism that would pump out the antimicrobial agent 

(Wise, 1999).

A recent mechanism demonstrated that the genes o f the penicillin - binding protein 

2B in a penicillin resistant S. pneumoniae were actually originally from S. mitis. It 

has been suggested that genetic material can transfer between S. pneumoniae and 

other viridans streptococci in particular S. mitis and S. oralis (Dowson et a l  1993).

1.6 Oral Focal Infection

Infection is a life threatening complication in renal transplant recipients taking 

immunosuppressive drugs (Greenberg and Cohen, 1977; Rubin and Tolkoff - Rubin, 

1988; Naylor et a l  1988). In addition, the presence o f bacteraemia can be a cause of 

further renal damage (Hobson, 1980). It is established that the majority of the 

micro - organisms that cause fatal complications in immunosuppressed patients may 

be found in the oral cavity (Greenberg and Cohen, 1977).
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It has been reported that every day procedures such as tooth brushing can cause 

bacteraemia (Schafer et a l 1983; Naylor et a/.1988; Roberts et a l  1997; Lucas and 

Roberts, 2000). In addition, periodontal disease and poor oral hygiene were shown 

to increase the rate o f bacteraemia following tooth extractions and can cause 

bacteraemia even when no dental procedure is performed (Rahn et a l  1986; Bisno, 

1981). Peripheral infection and teeth with infected root canals are also considered as 

a source o f bacteraemia. It was reported that bacteraemia could be produced by any 

dental procedure that causes bleeding (Bisno, 1981). Therefore, effective preventive 

care and the removal of all foci of infection in the mouth are essential (Naylor et a l 

1988).

1.7 Summary

The spectrum of renal problems associated with renal failure and renal 

transplantation provides a series of metabolic and oro - gingival changes. The 

majority o f the data available on children with renal problems is from short - term 

studies or studies looking separately at either the patients with CRF or RT.

Therefore detailed investigation of the dental and microbiological changes in the 

patients with CRF while in the renal failure stage and after transplantation will 

provide an important and panoramic view o f the oral condition o f such a unique 

group o f children.

A further concern is the risk o f infection, which can be a life - threatening problem in 

transplant and immunocompromised patients. Therefore, identifying and 

enumerating the main oral pathogens in this group o f patients could help in 

preventing clinical complications arising from the oral cavity. It could also 

demonstrate the changes in the oral micro flora of the children with CRF and children 

undergoing renal transplantation.

In addition, RT children are commonly given certain antibiotics for infections arising 

during the transplantation period or as an immediate post - transplant prophylactic 

measure. Therefore, testing the susceptibility o f the oral streptococci to the antibiotic 

commonly given is of considerable importance to these children.
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1.8 Null Hypotheses

1. The prevalence and incidence of dental disease in children with chronic renal 

failure is not different from healthy children.

2. The oral microflora o f children with renal failure is not different from the oral 

microflora o f healthy children.

3. The dental health and oral microflora o f children undergoing renal transplant 

is not different from healthy children at baseline (before the transplant) and 

90 days later.

4. The oral microflora is not different during the different stages o f transplantation, 

just before transplantation, soon after transplantation (before starting to eat) and 

90 days after transplantation when a stable condition is achieved.

1.9 Aims and Objectives of the Project

The aim o f the project is to identify the dental and microbiological changes of

children with chronic renal failure and children undergoing renal transplantation.

Objectives:

1. To assess the prevalence of dental caries, bacterial plaque, gingival inflammation, 

gingival enlargement and developmental enamel defects in children with CRF.

2. To investigate the salivary factors, urea and pH in children with CRF.

3. To identify and quantify the main oral micro-organisms, in particular, oral 

streptococci, lactobacilli, Candida species, enterococci, Enterobacteriaceae in 

children with CRF.

4. To identify the above variables in the renal transplant children.

a. Within 12 hours before transplantation.

b. Within two days post - transplantation.

c. After an interval o f 90 days from transplantation.

5. To estimate the salivary urea and calcium levels and the saliva buffering capacity 

in children with CRF.

6. To compare these findings with matched healthy control children.

7. To assess susceptibility of oral streptococci isolated from the renal transplant 

children at the 3 sampling times and from their matched controls on 2 separate
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occasions 90 days apart, to the antibiotics commonly used to treat infection 

following renal transplantation.

1.10 Studies Conducted

Three main studies were carried out to meet the aims and objectives o f this project. 

Study 1 : Dental health in chronic renal failure children.

Study 2: Dental health, oral microflora and salivary changes in children with chronic 

renal failure.

Study 3: Dental health and oral microflora in children undergoing renal 

transplantation.
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Chapter 2

Patients and Methods
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CHAPTER 2

2. PATIENTS AND METHODS

2.1 Ethical Approval

Ethical approval was obtained from the Research and Ethics Committees of the 

Institute o f Child Health (ICH), the Eastman Dental Hospital (EDH) and Camden 

and Islington Community Health Services NHS Trust (CICHS).

(Appendix I a - d).

2.1.1 Consent

The parents o f each child were given an information sheet (Appendix II a - e).

Written consent was obtained from parents and verbal consent from the children 

(Appendix II a - d).

2.2 Patient Recruitment

2.2.1 Sample Size

Estimation o f the sample size has been carried out using the formula: 

n = 2F(0 / d)^ which was suggested by the research and development office guidelines 

o f the ICH (Wade, 1995), where n = number required, F = the coefficient with a power 

o f 95% and significance level o f 5%, ô = the standard deviation o f the test variable 

based on the published data, and d = the difference in mean values required for clinical 

or scientific importance. Seventy patients with CRF in Study 1, twenty - five in Study 2 

and thirty in Study 3. Equal numbers o f control subjects were calculated to be necessary 

to enable a difference to be found between the patients with CRF and the controls.

2.3 Children with Chronic Renal Failure (Studies 1 and 2)

2.3.1 Subjects

Children with CRF were recruited from the dialysis and CRF clinics at the Great 

Ormond Street Hospital For Children (GOSH).
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2.3.2 Controls

Healthy children were recruited from the Trauma Clinic (n = 25) in the Department 

o f Paediatric Dentistry at the Eastman Dental Hospital and from the Camden and 

Islington Community Dental Health Services ( n = 70). They were matched for age, 

gender, ethnicity and social class with the children with CRF.

2.4 Medical Management of the patients with CRF

The children with CRF were on the following medication at the time o f examination:

Table 2.1: Medication used by the children with CRF (study 1)

Medication No. of children Range

loc Hydroxycholecalciferol 70 0.1 -  1.5 p g / day

Atenolol 8 25 -  50 mg / day

Azathioprine 2 30 -  90 mg / day

Calcium Carbonate 70 1260-6300  mg / day

Captopril 1 75 mg / day

Erythropoietin 67 1500 -  6000 unit / day

Ferrous Sulphate 64 200 -  300 mg / day

Folic Acid 66 5 m g /d ay

Frusemide 6 40 -  80 mg / day

Growth Hormone 5 4 .8 0 -7  units / day

Metronidazole 2 400 mg / day

Nifedipine 11 1 0 -2 0  mg / day

Penicillin 3 250 -  500 mg / day

Prednisolone 4 1 0 -3 0  m g /d a y

Ranitidine 2 8 -  300 ml / day

Sodium Bicarbonate 68 1500 -12600 mg / day

Sodium Chloride 3 1 0 -7 0  mmols / day

Thyroxine 1 400 mg / day

Trimethoprim 1 24 mg/day
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Table 2.2: Medication used by the children with CRF (study 2)

Medication No. of children Range

loc Hydroxycholecalciferol 25 0.1 -  1.5 p g /d a y

Atenolol 1 25 mg / day

Calcium Carbonate 25 1260-6300  mg / day

Erythropoietin 24 2000 -  6000 unit / day

Ferrous Sulphate 25 200 -  300 mg / day

Folic Acid 25 5 mg / day

Frusemide 5 40 -  80 mg / day

Growth Hormone 3 4 .8 0 -5  units / day

Nifedipine 2 10 m g /d a y

Prednisolone 1 30 mg / day

Sodium Bicarbonate 25 1500 -12600 mg / day

Sodium Chloride 4 1 0 -7 0  mmols / day

Thyroxine 1 400 mg / day
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2.5 Renal Transplant Children (Study 3)

2.5.1 Subjects

Children were recruited prior to kidney transplantation and samples o f the oral 

microflora were taken at baseline within 12 hours before kidney transplantation, 

within 2 days post - transplant and at 90 days post - transplantation.

2.5.2 Controls

The control children were recruited to match the RT subjects for age, gender, 

ethnicity and social class. They were children attending the Community Dental 

Services (n = 6) and the Trauma Clinic (n = 18) in the Department o f Paediatric 

Dentistry at the Eastman Dental Hospital. Children receiving antibiotics within the 

three months before the date o f the first sample were excluded. Samples o f the oral 

microflora were taken at baseline and after 90 days.

2.6 Medical Management of RT patients

2.6.1 Medication

Recipients of first transplant (cadaveric or live related) with no history o f cytotoxic 

antibodies received cyclosporin A taken 2 hours pre - operatively and methyl 

prednisolone IV taken 1 hour pre-operatively. Recipients o f second or subsequent 

transplant (cadaver) with a history of cytotoxic antibodies received ATGIV, 

chlorpheniramine and hydrocortisone immediately before ATG infusions to avoid 

anaphylactic reaction. They were also given cyclosporin A and methyl prednisolone 

rv  2 hours and 1 hour before transplant, respectively. Cadaveric graft recipients 

were given ciprofloxacin 5mg/kg pre - operatively which was continued on a daily 

basis until negative microbiological results for transplant transport fluid were proven.

All children were treated with Frusemide 1 mg/kg IV at the time o f the operation.

The first dose of heparin was administered subcutaneously at the time of anaesthetic 

induction.

Immediately post - transplantation, all children received dopamine 2 pg/kg/min.
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Children continued with prednisolone, cyclosporin and azathioprine orally or IV as 

appropriate post - operatively.

2.6.2 Medication Taken 90 Days Post - transplantation

The RT children were on the following medication at the final examination:

Table 2.3: Medication at 90 days post - transplantation

Medication Taken 90 days Post Transplantation No. of Patients
CSA 18
FK506 6
Frusemide 6
Mycophenylate Mofetil 3
Nifedipine 24
Prednisolone 24
Ranitidine 2
Septrin 24

2.7 Dental Examination

All subjects and controls in the 3 studies were examined visually using a dental 

mirror and a hand torch.

2.7.1 Dental Caries

The teeth were visually examined for dental caries using the diagnostic criteria o f the 

World Health Organisation (WHO 1987). The dmfs/dmft index (the number o f 

decayed, missing and filled primary surfaces/teeth) and DMFS/DMFT index (the 

number o f decayed, missing and filled permanent surfaces/teeth) were recorded.

2.7.2 Dental Plaque

The presence or absence of dental plaque was recorded firom each tooth 

quadrisection (mesiobuccal, distobuccal, mesiolingual and distolingual) using a 

modification o f the simplified plaque index o f O ’Leary (Franco et a l  1996) to give 

the plaque score. The proportion of quadrisections with plaque as a percentage of the 

total tooth quadrisections was calculated as the plaque index.
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2.7.3 Gingivitis

The presence or absence of gingival inflammation was recorded from each tooth 

quadrisection (mesiobuccal, distobuccal, mesiolingual and distolingual) using a 

modification of the simplified plaque index o f O’Leary (Franco et a l  1996) to give 

the gingivitis score. The proportion o f quadrisections with gingivitis as a percentage 

o f the total tooth quadrisections was calculated as the gingivitis index. Spontaneous 

gingival bleeding was also recorded at the same sites.

2.7.4 Gingival Enlargement

Gingival enlargement was recorded using a modification of the method o f Seymour 

(Lowry et a l  1995). The score was assessed per quadrisection o f gingivae associated 

with each incisor and canine tooth. The scoring was based on visual estimates o f the 

degree o f gingival encroachment o f each quadrisection o f gingivae over each tooth 

(Table 2.4). The gingival enlargement index for each patient was the total gingival 

enlargement score as a percentage of the total incisor and canine gingival 

quadrisections.

Table 2.4: Scoring o f gingival enlargement

Grade

0 No gingival overgrowth.

1 Interdental papillae covering less than one 
third of the crown.

2 Interdental papillae covering between one 
third and one half o f the crown.

3 Interdental papillae covering between one half 
and two - thirds of the crown.

4 More than two - thirds o f the crown covered.

After Lowry fl/. 1995

2.7.5 Developmental Enamel Defects

Developmental enamel defects were recorded for both the primary and permanent 

dentition. The teeth were not dried as there was no compressed air readily available 

where the examinations took place. This was either in the medical outpatient 

department or the ward. A small pen torch was used for all the examinations. The 

index of developmental defects o f dental enamel (DDE) index was used (Ainamo 

and Cutress, 1982). This index provides eight variations of enamel defects ranging
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from a white opacity, through pitted and grooved hypoplasia, to discoloured enamel 

and other defects. The index paper provided clear illustrations which were helpful in 

training and the clinical assessment during the study.

2.8 Microbiological Procedures

2.8.1 Oral Flora Sampling Technique

The oral flora was sampled from each child in a systematic manner using a calcium 

alginate swab (Technical Services Consultants Ltd, Lancashire, UK). Saliva and 

plaque were gently removed from the buccal surfaces of the two most posterior 

maxillary teeth bilaterally, including the gingival margins, the lingual surfaces o f the 

right and left mandibular posterior teeth, the dorsum of the tongue, hard palate, right 

and left buccal mucosa and the floor o f the mouth (Figures 2.1a, 2.1b, 2.1c and 2 .Id).

2.8.2 Salivary Flow Rate and Buffering Capacity -  CRF Group

Immediately following the oral flora sampling, each subject and each control was 

asked to chew paraffin wax, changing the chewing side every 15 seconds. During the 

first 2 minutes saliva was swallowed. Subjects then drooled their saliva into a plastic 

container at 15-second intervals. Salivary flow rate was determined by recording the 

time taken to collect 2 ml of saliva.

The buffering capacity was estimated by a modification o f the method described by 

Frostell (1980) and used by other workers for adolescents (Wilson and Ashley,

1989). One millilitre was introduced into a vial with a known quantity and 

concentration o f acid containing an indicator. The final pH achieved after 2 minutes 

was recorded by reference to a colour chart.

One ml o f the saliva was stored in a sterile vial and transported in an ice bag to the 

GOSH biochemistry lab for measuring urea and calcium levels.

2.8.3 Transport of the Oral Flora Samples

Using scissors wiped with alcohol, the swab was cut and immediately placed in a 

sterile bijoux bottle containing 2 ml of Calgon - Ringer solution with glass beads
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Figures 2.1a, 2.1b, 2.1c and 2.1d: Sampling from buccal surfaces of the two 
most posterior maxillary teeth, the dorsum of the tongue and the floor of the 
mouth using a calcium alginate swab
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(BDH Laboratory Supplies, Poole, England). The Calgon - Ringer solution was 

supplemented with 1% w/v sodium hexametaphosphate (BDH Laboratory Supplies, 

Poole England) to dissolve the swab. The bijoux bottle was stored in an ice bag until 

processing within three hours o f the sample collection.

2.8.4 Processing of Samples

The alginate swabs were dispersed by vortexing the Calgon - Ringer solution for 10 

seconds. One ml of Calgon - Ringer solution was added to 9 ml o f Fastidious 

Anaerobe Broth (Lab M, Bury, England). Ten - fold serial dilutions were prepared 

and lOOpl volumes of the appropriate dilution were inoculated onto both non - 

selective and selective media.

2.8.5 Non - Selective Media

Fastidious Anaerobe agar (FAA) (Lab M, Bury, England) supplemented with 5% v/v 

defibrinated horse blood was used for total aerobic and anaerobic counts. The agar 

plates for the anaerobic counts were incubated in a chamber with an atmosphere of 

5% Hz, 5% CO2 and 90% Nz at 37”C. The agar plates for aerobic counts were 

incubated in an aerobic chamber at 37°C.

2.8.6 Selective Media

Mitis Salivarius Agar (MSA; Difco Laboratories Ltd. P.O. Box 14B, Central 

Avenue, West Molesey, Surrey) supplemented with 0.1% w/v potassium tellurite 

(Sigma Chemical Co., St. Louis, MO, USA) was used for the total streptococcal 

count. Mitis Salivarius Agar supplemented with 0.1% w/v potassium tellurite, 

bacitracin 0.2 units/ml (BMSA) (Sigma Chemical Co., St. Louis, MO, USA) 

and sucrose 15% w/v was used for enumeration o f S. mutans and S. sobrinus 

(Gold et a l  1973). Sabouraud Dextrose Agar (SAB; Oxoid) was used for growth 

o f Candida species and Rogosa Agar (ROG; Oxoid) was prepared for growth of 

lactobacilli. MacConkey agar (MaC; Oxoid) was used to isolate enterococci and 

Enterobacteriaceae. The dilutions and incubating time o f each medium are shown 

in Table 2.5.
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Table 2.5: Media, dilution and incubation time at 37°C
Type of medium Medium Incubation Dilutions Time
Non - Selective FAA Aerobic 10'^ 10"̂  1 0 ' 5 days

FAA Anaerobic 10"' 10"  ̂ 10"' 7 days
Selective Media SAB Aerobic Neat 1 0 ' 10'^ 2 days

MaC Aerobic 10"' 10'^ 10"' 1 day
MSA Anaerobic 10"' 10"* 1 0 ' 3 days
BMSA Anaerobic Neat 1 0 ' 10'^ 3 days
ROG Anaerobic Neat 1 0 ' 10"' 7 days

2.9 Identification and Enum eration of O ral Streptococci

Streptococci were initially identified by Gram - staining. The number o f each 

colonial type was counted on the MSA plates. Two o f each colony type were sub - 

cultured into separate 4 ml volumes o f sterile Todd - Hewitt broth (Oxoid). Dark, 

embedded colonies on BMSA plates (Figures 2.2a and 2.2b) were counted and 2 of 

each were sub - cultured into separate 4 ml volumes o f Todd Hewitt broth. The Todd 

- Hewitt broths were incubated aerobically at 37®C for 48 hours and shaken after 24 

hours to disperse the bacteria. Each broth was Gram - stained to check for purity and 

50 pi o f each broth was incubated onto Colombia Blood agar and incubated 

aerobically for 24 hours at 37°C for biochemical tests. Each isolate was subjected to 

carbohydrate fermentation and enzyme hydrolysis tests (Beighton et a l  1991a,

1991b; Whiley a/. 1990).

2.9.1 C arbohydrate Ferm entation Tests

Each broth culture was subjected to a series o f carbohydrate fermentation tests using 

sterile microtitre trays (Nalge Nunc International, Denmark). The carbohydrates 

were amygdalin, arbutin, inulin, lactose, mannitol, melibiose, N  -  acetylglucosamine, 

raffinose and sorbitol and all were purchased from Sigma. The carbohydrates were 

prepared using 2.4 g o f thioglycollate medium without dextrose or indicator (Difco),

1.0 g o f purple broth base (Difco), 1.0 g carbohydrate (Sigma) and 100 ml distilled 

water. Seventy - five microlitres of each carbohydrate were placed in a well o f the 

same column on every microtitre tray. Twenty - five microlitres o f each broth 

culture were inoculated into the wells of a single row. A change in colour from 

purple to yellow indicated a positive and a final pH o f < 5.2. The last row o f each 

microtitre contained the carbohydrates only and was used as control (Figure 2.3).
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Figures 2.2a and 2.2b: S. mutans colonies on BMSA plates
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2.9.2 Hydrolysis of Aesculin and Arginine

Aesculin hydolysis was determined using the method described by Bisset and Davis 

(1960) and arginine hydrolysis was determined using the method described by Niven 

et al. (1942). The medium preparation of aesculin and arginine is shown in Table 

2.6. Seventy - five microlitres of aesculin and arginine were plated in 2 separate 

columns next to the carbohydrate. Twenty five microlitres o f each broth culture was 

added to each well in the manner described for the carbohydrates. A change in 

colour to black indicated aesculin hydrolysis. Arginine hydrolysis was recorded 

positive following a colour change to orange after adding 25 pi o f Nessler’s reagent 

(BDH Laboratory Supplies, Poole, England) to the well (Figure 2.3).

Table 2.6: Preparation of aesculin and arginine media

Aesculin Arginine
1.0 g Tryptone 0.5 g Peptone
0.5 g Yeast Extract 0.3 g Yeast Extract
1.0 g Sodium Acetate 0.3 g Glucose
0.05 g Ferric Ammonium Citrate 1.0 g Sodium Acetete
0.5 g Aesculin 0.3 g L - Arginine
0.1 ml Tween 80 0.1 ml Tween 80
0.5 mXSaltA 0.5 mXSaltA
0.5 mXSaltB 0.5 ml Salt B
100 ml Distilled Water 100 ml Distilled Water

Salt A Salt B
0.16gCaCl2 0.8 g CaCl]
0.16 g MgS0 4 0.8gNaHCO3

400 ml Distilled Water
1.6gN aC l
0.8gKH2PO4
400 ml Distilled Water

After Krai and Daneo -  Moore 1981

2.9.3 Pre - formed Glycosidic Enzyme Tests

Each broth culture was tested for the production o f the following enzymes: p - D - 

fucosidase, p - glucosidase, a  - galactosidase, a  - arabinosidase, p - N 

acetylgalactosaminidase, sialidase, a  - glucosidase, a  - L - fucosidase, p - N - 

acetylglucosaminidase and p - galactosidase using the appropriate 4 - 

methylumbelliferyl (MU) linked fluorescent substrates (Sigma Chemical Co., St. 

Louis, MO, USA). The substrates were dissolved in dimethyl sulphoxide and diluted
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Figure 2.3: Microtitre tray showing uninoculated carbohydrates (purple 
colour), aesculin and arginine in row 7. Row 1 -  6 show changes after 
inoculation with streptococci broth cultures and anaerobic incubation for 
24 hours. Positive results were indicated by the change of carbohydrates 
to yellow colour (column 1-9), aesculin to black colour (column 10) and 
arginine to orange (column 11 ).

# #

#

«r

I ; ' ' f

Figure 2.4: Enzyme activity view using UV transilluminator.
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in 50 mM N - tris (hydroxymethyl) methyl -  2 - aminoethane sulphonic acid, pH 7,5,

(TES buffer; Sigma) to give a final concentration o f 100 pg/ml. Twenty microlitres of each 

substrate was placed in wells along the same column on a microtitre tray. The colonies 

recovered from the Columbia agar plates were suspended in 1.5 ml o f the TES buffer, pH

7.5 to give a turbidity equivalent to that o f a MacFarlane standard 2 (0.1 at 620 nm).

Fifty microliters of bacterial suspension was placed into each well along a single row.

The microtitre tray was incubated aerobically for three hours at 37°C. The last row of 

each microtitre tray contained the enzyme substrate alone (control). The enzyme 

activity was viewed using an UV transilluminator (Figure 2.4) using excitation 

emission at a wavelength o f 302nm (T 2201 Sigma Chemical Co., St. Louis, MO,

USA). A positive result was indicated by a bright blue fluorescence o f 50 arbitrary 

units above the control.

Identification o f the viridans streptococci isolates was based on combining the results 

from the carbohydrate fermentation tests, the hydrolysis o f arginine and aesculin and 

the enzyme activity tests and comparing them with the results of other workers 

(Whiley and Hardie, 1988; Beighton et al, 1991a; Beighton et al. 1991b; Whiley et 

al. 1990) (Table 2.7 and Table 2.8).

Type strains were regularly included. The following type strains were used:

S. oralis NCTC 11427, S. mitis NCTC 12261, S. sanguis NCTC 7863, S. gordonii 

NCTC 7865, S. anginosus NCTC 10713, *5. intermedius NCDO 2227, S. constellatus 

NCDO 2226, S. crista CR311, S. mutans NCTC 10449, S. sobrinus NCTC 12279,

S. aristae CR 311, S. salivarius NCTC 8618 and S. vestibularius NCTC 12166. The 

type strains were obtained from the National Collection o f Type cultures, Colindale.
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Table 2.7: Carbohydrate fermentation and substrate hydrolysis patterns of the type strains of viridans streptococci

Acid Produced From:
Species of Viridans Streptococci

A B C D E F G H I J K L M
Amygdalin - + + - - - + + + + + + -

Arbutin + + + + - - + + + - + + -

Inulin + - + - - - + - - - - + +
Lactose + + + + + + + + + + + + +
Mannitol - - - - - - - - - - - + +
Melibose - - - - - + - - - - + + -

N -Acetylglucosamine + + + + + + + + + + + + -

Raffinose - + - + - + - - - - + + -

Sorbitol - - - - - - - - - - - + -

Hydrolysis of:
Aesculin + + + - - - + + + - + + -

Arginine + + + + - - - - + + + - -

A S. sanguis F S. mitis K S. anginosus + positive reaction
B S. parasanguis G S. salivarus L S. mutans - negative reaction
C S. gordonii H S. vestibularis M S. sobrinus
D S. crista I S. intermedius
E S. oralis J S. constellatus



Table 2.8: Preformed enzyme hydrolysis activity o f the type strains of viridans streptococci

Enzyme Activity
Species o f Viridans Streptococci

A B C D E F G H I J K L M
P - Fucoisidase + + - - - - - - + - - - -
p - N - Acetylgal - dase - + + + + - - - + - - - -
a  - Neuraminadase - - - - + - - - + - - - -
a  - L - Fucoisidase - - + + - - - - - - - - -
p - N - Acetylglu - dase - + + + + - - - + - - - -
a  - Glucosidase - + - - + + + + + + + + +
p - Glucosidase + + + - - - + - + - + + -
a  - Galactosidase + - - - - - - - - - - -
a  - Arabinosidase - - - - - - - - - - - - -
P - Galactosidase + + + + + - - + - - + - -
A S. sanguis F S. mitis K S. anginosus + positive reaction
B S. parasanguis G S. salivarus L S. mutans - negative reaction
C S. gordonii H S. vestibularis M S. sobrinus
D S. crista I S. intermedius
E S. oralis J S. constellatus

P - N - Acetylgal - dase = p - N - Acetylgalactosaminidase 
p - N - Acetylglu - dase = p - N - Acetylglucosaminidase 
a  - Neuraminadase = Sialidase
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2.10 Isolation and Identification of Yeasts

Colonies o f Candida species isolated from SAB plates were primarily identified by 

Gram - staining (Figure 2.5). Each raised, smooth, round and whitish / yellow 

colony was counted and recorded from each sample (Figure 2.6). Identification of 

C. albicans was based on the ability of the colony to produce the enzyme p -  D -  N - 

acetylgalactosaminidase which is characteristic o f C. albicans (Perry and Miller 

1987). Two o f each colony type were each emulsified in 50 pi TES buffer and each 

was added to separate wells containing 20 pi o f 4 -  methyumbellifery 1 -  linked p -  

N - acetylgalactosamide. A control well containing only the enzyme substrate and 

50 pi of the TES buffer was prepared in every microtitre tray. The tray was 

incubated aerobically for 2 hours at 37“C. The detection o f a blue fluorescence 

change, using UV transluminator (Sigma), indicated the presence o f C. albicans.

2.11 Isolation and Identification of Enterococci and Enterobacteriaceae

2.11.1 Enterococci

Enterococci appearing as magenta - coloured colonies were counted and Gram - stained 

to confirm the presence of Gram - positive cocci. Colonies were sub - cultured onto 

Columbia agar supplemented with 5% defibrinated horse blood and incubated 

aerobically at 37°C for 24 hours. Pure colonies were sub - cultured into Todd - Hewitt 

broth and incubated aerobically at 37®C for 24 to 48 hours. Fifty microlitres of each 

isolate was subjected to aesculin hydrolysis and the following carbohydrate tests: 

amygdalin, arbutin, inulin, lactose, mannitol, melibiose, N -  acetylglucosamine, 

raffinose and sorbitol. Isolates positive for lactose, mannitol, sorbitol, aesculin and 

arginine were also identified on the basis o f degradation o f leucyl - and pyroglutamyl -  

7 - amino - methyl coumarin (AMC) linked substrates (Sigma) (Facklam and 

Washington, 1991). Positive isolates were further identified using the API Rapid ID 32 

STREP kit (Biomerieux).

2.11.2 Enterobacteriaceae

Lactose fermenters and non - lactose fermenters which appeared as pink and pale 

colonies respectively on MacConkey agar were counted and Gram - stained. An 

oxidase test was carried out on each colony. The lactose fermenters colonies, which
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Figure 2.5: Raised, smooth, round and whitish/yellow 
appearance of Candida colonies on the SAB agar plates

Figure 2.6: Gram staining of Candida cells
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were oxidase - negative, were identified using API 20E system (Biomerieux) and the 

non - lactose fermenters colonies, which were oxidase - positive, were further 

identified using API 20NE system (Biomerieux).

2.12 Data Analyses

2.12.1 Analysis of the Dental Findings

The data for dental caries, plaque, gingivitis and gingival enlargement were 

processed using the SPSS for Windows version 10.0 (SPSS Incorporated, Chicago, 

Illinois, USA). The data were tested for normality using the Shapiro -  Wilks test 

(Altman, 1991). The majority o f the data were not normally distributed; therefore, 

non -  parametric tests were used. The indices for primary teeth were determined for 

children aged between 5 -1 2  years and the indices for the permanent teeth were 

determined for children older than 6 years. The indices were compared between the 

different visits within the same group using the Wilcoxon Signed Ranks test and 

between the different groups (CRF vs control and the RT vs Control) using the 

Mann -  Whitney U test. In addition the Chi - square test and the Fisher’s Exact 

Probability test were used to compare the number o f caries free children between the 

different groups (CRF vs control and the RT vs Control).

The Chi - square test and Fisher’s Exact Probability test were used to compare the 

absence or presence of gingival enlargement in patients taking CSA, FK506 or 

nifedipine therapy. The gingival enlargement index was correlated with the plaque 

index, gingivitis index and the time since transplantation using the Spearman rank 

correlation coefficient (rho). The Mann -  Whitney U test was used to compare the 

RT children with and without gingival enlargement with respect to age, gender, CSA 

dosage and trough level, FK506 dosage and trough level and the plaque and gingivitis 

indices.

2.12.2 Analysis of the Microbiological Findings

The microbiological data were tested using SPSS for Windows version 10.0. The raw 

and logio data were tested for normality using the Shapiro -  Wilks test and were
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found to be not normal. Therefore, non -  parametric tests were applied mainly to the 

raw data.

The Wilcoxon Signed Ranks test was used to compare the bacterial counts within the 

same group and the Mann -  Whitney U test was used to compare the bacterial counts 

between the different groups (CRF vs control and the RT vs Control).

The proportion o f each streptococcal species as a percentage o f the total streptococcal 

count and as a percentage of the total anaerobic count were also compared within the 

same group using the Wilcoxon Signed Ranks test and between the different groups 

using the Mann -  Whitney U test.

2.12.3 Detection Limits of Bacteria

The detection limits for the bacteria were as follows: 40 cfu per sample for the BMSA 

and SAB; 400 cfu per sample for the MaC agar; 4000 cfu per sample for MSA and 

FAA (aerobic and anaerobic).
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2.13 Antibiotic Susceptibility Testing of Oral Streptococci

The most frequently isolated species of oral streptococci were tested for antibiotic 

sensitivity using E test strips (AB BIODISK, Dalvagen 10, S -171 36 Solna, 

Sweden). The species were S. mitis, S. salivarius and S. mutans collected at the three 

sampling times from the RT children and the two sampling times for the controls.

The numbers of the three species at the different sampling times included in the 

study are shown in Table 2.9.

Table 2.9: The numbers o f species tested for antibiotic sensitivity at different

Isolates from the RT 
Children

Isolates from Control 
Children

Species VI V2 V3 VI V3
S, mitis 10 10 10 5 5
S. salivarius 10 7 8 5 5
S. mutans 5 5 5 5 5

Baseline: V I, within 2 days post - transplantation: V2 and 90 days 
post -  transplantation: V3

The antibiotics used were amoxicillin, ciprofloxacin, clindamycin, gentamicin, 

teicoplanin and vancomycin. The type strains for S. mutans (NCTC 10449),

S. salivarius (NCTC 8618), S. mitis (12261), S. pneumoniae (NCTC 7465) and 

Staphylococcus aureus (NCTC 6571) were included with each batch o f isolates.

2.13.1 Inoculum Preparation

Each isolate to be tested was inoculated onto Columbia agar supplemented with 5% 

(v/v) horse blood and incubated anaerobically at 37°C for 24 hours. Pure cultures of 

each isolate were inoculated into a separate 4 ml volume o f sterile Todd - Hewitt 

broth and incubated aerobically at 37°C for 24 hours. The density o f each broth was 

adjusted to that o f a MacFarland standard 1.

2.13.2 Application of E - test Strips

According to the manufacturer's instructions the following procedure was carried out 

for each inoculum: using a sterile cotton swab, the standardised bacterial suspension
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was evenly spread in three directions on Mueller - Hinton agar (Oxoid) 

supplemented with 5% (v/v) defibrinated horse blood. The medium depth was 4 mm 

in each plate. The inoculated agar plates were dried for approximately 20 minutes. 

Amoxicillin, ciprofloxacin, clindamycin, gentamicin, teicoplanin and vancomycin 

E - test strips were then applied using sterile forceps. Two strips were placed on the 

90 mm plates and a maximum of six strips on 140 mm plates. The plates were 

incubated anaerobically at 35®C for 24 hours, except for the clindamycin tests which 

were incubated for 48 hours. The minimum inhibitory concentration (MIC) of each 

antibiotic was defined as the lowest point where the elliptical zone o f inhibition of 

bacterial growth intersected the MIC scale on the E - test strip.

2.13.3 Reading the MIC (pg / ml)

The MIC value was read at the point o f intersection between the inhibition ellipse 

edge (the edge of complete inhibition o f bacterial growth) and the E test strip using 

good light and a magnifying glass (Figure 2.7). When there was no inhibition ellipse 

and growth occurred along the entire strip, the MIC was reported as greater than the 

highest value on the reading scale. When the inhibition ellipse was below the strip, 

the MIC value was reported as less than the lowest value on the reading scale. When 

the point o f intersection was between two MIC markings on the strip, the MIC was 

reported as the higher value.

2.13.4 Interpretation of the Susceptibility Categories

As recommended by the manufactures, the National Committee o f Clinical and 

Laboratory Standards (NCCLS), MIC break points were used for susceptibility 

categorisation. This is because the E - test values have been shown to be directly 

proportional to the NCCLS reference dilution values. The streptococci were 

classified as either susceptible, o f intermediate susceptibility, or resistant to each 

antibiotic using the interpretative standards for streptococci o f the NCCLS (2000) as 

shown in Table 2.10. The NCCLS (2000) did not provide susceptibility categories 

for testing amoxicillin, gentamicin and teicoplanin against oral streptococci. The 

NCCLS (2000) susceptibility categories for testing penicillin against streptococci 

were used for amoxicillin.
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Figure 2.7: The epsilon zone of bacterial growth inhibition around 
an E -test strip.
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Table 2.10: Breakpoints of antibiotics for streptococci according to the interpretative 
standards o f the National Committee o f Clinical and Laboratory Standards (2000)

Antibiotics S (pg/ml) I (pg/ml) R  (pg/ml)
Amoxicillin <0.12 0.25-2 > 4
Ciprofloxacin < 2 4 > 8
Clindamycin <0.25 0.5 >1
Vancomycin <1 - -
S: Sensitive; I: Intermediate susceptibility; R: Resistant

2.13.5 Statistical Analyses

For each antibiotic the MIC50, MIC90 and the minimum and maximum values were 

calculated for the S. mitis, S. mutans, S. salivarius and for all 3 streptococci together. 

The MICs o f each antibiotic for the streptococcal isolates at baseline, within 2 days 

and at final sampling times in the renal transplant group were compared using the 

Wilcoxon Signed Ranks test. The MICs for the controls were also compared at 

baseline and final sampling times using the Wilcoxon Signed Ranks test. The MICs 

for each antibiotic o f the RT group were compared with the control group at baseline 

and the final visit using the Mann - Whitney U test.

The proportions o f susceptible, o f intermediate susceptibility and resistant 

streptococci to each antibiotic were calculated. Similar proportions were calculated 

for the individual species, S. mitis, S, mutans, S. salivarius. The proportions of 

streptococci in the renal transplant group, which were resistant to each antibiotic, at 

baseline, 2 days post - transplantation and at the final visit, were compared using the 

McNemar test. The proportions o f streptococci in the control, which were resistant 

to each antibiotic at baseline and at the final visit, were also compared using the 

McNemar test. The proportions o f the antibiotic resistant streptococci in the renal 

transplant group and the control group at baseline and at the final visit were 

compared using the Chi - square test or the Fisher's Exact Probability test where 

suitable.
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CHAPTERS

3. RESULTS

3.1 Reproducibility of the Dental Indices

3.1.1 Dental Caries

To assess inter - examiner reliability for recording dental caries, 10 full arch teeth 

were examined by the main investigator (AA) and one other dentist (MA) following 

the WHO criteria (1987). The same teeth blocks were examined a week later by the 

main examiner (AA) to assess intra -  examiner reliability. The results showed very 

good agreement (Altman, 1991) (Table 3.1).

Table 3.1: Inter - and intra - examiner reliability for 
recording dental caries

Agreement Kappa
Inter - examiner 95.5 % 0.9151
Intra - examiner 96.2% 0.9294

3.1.2 Dental Plaque and Gingivitis

To assess inter - examiner reliability for recording dental plaque and gingival 

inflammation, 10 children attending the paediatric dental department at EDH were 

examined by the principal investigator (AA) and a colleague (NK) using a 

modification of the simplified plaque index of O ’Leary. The results showed very 

good agreement (Altman, 1991) (Table 3.2)

Table 3.2: Inter - examiner reliability for recording plaque

Agreement Kappa
Plaque 93.0% 0.8945
Gingivitis 97.1% 0.8471
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3.1.3 Gingival Enlargement

Intra - examiner reproducibility o f the primary investigator for detection o f gingival 

enlargement was carried out on five o f the RT patients at GOSH. The patients were 

examined on two occasions at a minimum of 7 days apart. The result showed very 

good agreement (Altman, 1991) (Table 3.3).

Table 3.3: Intra - examiner reliability for recording gingival 
enlargement

Agreement Kappa
Gingival Enlargement 93.3% 0.8036

3.1.4 Reproducibility of the Sampling Procedure and Colony Counting

3.1,4.1 Reproducibility o f  the Sampling Procedure

Oral swabs were collected from twenty healthy children. Each oral swab was 

dissolved in 4 ml Calgon Ringer’s solution and divided in half. Each half was 

processed as a separate sample and cultured on selective and non - selective media. 

There was no significant difference in the bacterial counts o f the selective and non - 

selective media between the two samples (Table 3.4).

Table 3.4: Reproducibility of sampling procedure (Logio value)

SAMPLE 1 (N=20) SAMPLE 2 (N=20) P rho
Mean Median Mean Median

MSA 6.1 6 5.9 5.7 ns 0.76
MSB 4.5 4.4 4.6 4.5 ns 0.89
FAA 7.0 7.1 6.9 7.0 ns 0.86
FAA 7.5 7.6 7.4 7.5 ns 0.84
MAC 3.0 2.6 3.0 2.9 ns 0.89
ROG 1.2 1.8 1.0 0.8 ns 0.92
SAB 1.7 1.9 1.7 2.0 ns 0.81

p: statistical significance; ns: not significant 
rho: Spearman Rank Correlation Coefficient
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3.1.4.2 Reproducibility o f  Colony Counting

Forty different plates were counted by the principal investigator (AA) and one other 

person (LB). There was no significant difference in the total bacterial counts 

between the two examiners. The correlation coefficient was significant between the 

two examiners (Table 3.5).

Table 3.5: Reproducibility o f colony counting (Logio value)
AA L]B

P rhoMean Median Mean Median
5.9 6.5 5.9 6.4 ns 0.95

p\ statistical significance
rho: Spearman Rank Correlation Coefficient
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Results of Study 1

3.2 Dental Health in the Children with Chronic Renal Failure

3.2.1 Age, Gender and Ethnicity

3.2.1.1 Subjects

There were 43 males and 27 females. The mean age o f the children with CRF was

11.4 years, sd 3.4 years. Forty - six children were Caucasian, 22 were Asian and two 

were African.

3.2.1.2 Controls

There were 43 males and 27 females. The mean age o f the control children was 11.5 

years, sd 3.4 years. Forty - six children were Caucasian, 22 were Asian and two 

were African.

3.2.2 Medical Details

3.2.2.1 Primary Diagnosis o f  the Patients with CRF

The primary diagnosis o f the chronic renal failure condition is shown in Table 3.6. 

Table 3.6; Primary diagnosis o f the children with CRF (study 1)
Primary Diagnosis of Renal Failure Patients (n = 70)
Pyelonephritis / Interstitial Nephritis 27
Hereditary / Familial Nephropathy 7
Congenital Hypoplasia / Dysplasia 26
Multisystem Disease 8
Miscellaneous causes 2
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3.2.2,2 Type o f Dialysis

The children were treated with peritoneal dialysis, haemodialysis or no dialysis 

(Table 3.7).

Table 3.7: Numbers o f children on different types o f dialysis (study 1)

Type of Dialysis Patients (n = 44)
Peritoneal Dialysis 28
Haemodialysis 16

Twenty six children had no dialysis.

3.2.2.3 Number o f Previous Transplants

Twelve o f the children with CRF have had one previous failure o f kidney 

transplantation.

3.2.2.4 Number o f Children Fed Via Gastrostomies 

Seventeen children with CRF were fed via gastrostomies.

3.2.2.5 Blood Biochemistry Results at the Examination Date

The results o f calcium, creatinine and urea blood levels of each patient were recorded 

(Table 3.8).

Table 3.8: Blooc biochemistry o f children with CRF (study 1)
Calcium
(mmol/L)

Creatinine
(pmol/L)

Urea
(mmol/L)

Mean 2.5 506.5 16.0
Median 2.4 423.5 16.0
sd 0.2 312.8 7.1
Minimum 2.1 150 3.7
Maximum 3.10 1329 32.6



3.3 Dental Indices

3.3.1 Dental Caries

A significantly greater proportion o f children in the CRF group (40 %) were caries 

free compared with the controls (8.5 %) (Chi - square 18.80, d f 1,/? = 0.0001)

(Table 3.9).

There was a significantly greater dmfs {p = 0.0001), dmft {p = 0.0001), DMFS 

ip = 0.004) and DMFT {p = 0.007) in the control group compared with the CRF 

group (Table 3.10). Breakdown o f the dmfs into the decayed, missing and filled 

components revealed that for the decayed and filled proportions only were 

significantly lower in the children with CRF. The proportion o f decayed surfaces 

was 10% vs 30% ip = 0.0001) for the CRF and control children respectively. The 

proportion o f filled surfaces was 1% vs 10% ip = 0.0001) for the CRF and control 

children. Similarly for the permanent teeth, the proportion o f decayed surfaces was 

significantly lower for the CRF group compared with controls, 40% vs 50% 

ip = 0.03) and also the proportion of filled surfaces, 10% vs 20% {p = 0.03), 

respectively.

3.3.2 Dental Plaque

There was a significantly greater mean plaque score for both the primary teeth 

ip = 0.04) and permanent teeth ip = 0.05) in the CRF group compared to the control 

group (Table 3.11). There was no significant difference in the dental plaque index of 

primary and permanent teeth between the CRF and the control group (Table 3.12).

3.3.3 Gingivitis

There was no significant difference in the mean gingivitis score for either the 

primary teeth or the permanent teeth between the CRF group and the control group 

(Table 3.11). There was no significant difference in the gingivitis index o f primary 

and permanent teeth between the CRF group and control group (Table 3.12).
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3.3.4 Gingival Enlargement

Gingival enlargement was detected in 8 children in the CRF group, associated with the 

permanent teeth only. The gingival enlargement score {p = 0.02) and gingival 

enlargement index {p = 0.02) were significantly greater in the CRF group compared 

to the control group (Table 3.13).

3.3.5 Developmental Enamel Defects

The children with CRF exhibited a range o f enamel defects from white opacities to 

brown discoloration (Figure 3.1a, 3.1b). There was a significantly greater enamel 

defects score in permanent teeth of the CRF group compared with the controls 

{p = 0.002) (Table 3.14). There was a significantly greater proportion o f CRF children 

with developmental enamel defects (57 %) associated with the permanent teeth 

(Chi - square 8.34, d f 1,/? = 0.004) compared to the control subjects (33 %). There 

was an equal proportion of children (5.7 %) in both groups with enamel defects 

associated with the primary teeth.
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Table 3.9: Caries experience CRF group vs control group (study 1)

Children Caries Free P
CRF (n = 70) Controls (n = 70)

0.000128 (40%) 6 (8.5%)
p: statistical significance

Table 3.10: Decayed, missing and filled surfaces and teeth for primary dentition (dmfs /dmft) and decayed, missing and filled surfaces and teeth 
for permanent dentition (DMFS / DMFT) for CRF vs control group (study 1)

Chronic Renal Failure Group (n = 70) Control Group (n = 70)
Mean sd Median Min - Max Mean sd Median Min -Max P

dmfs 2.1 6.2 0 0 -3 1 7.0 6.8 6.0 0 -2 9 0.0001
dmft 1.0 2.0 0 0 - 8 3.8 3.3 3.0 0 -1 2 0.0001
DMFS 4.5 11.3 1.0 0 -8 6 5.7 6.8 4.0 0 -4 0 0.004
DMFT 2.7 3.8 1.0 0 -1 8 3.9 3.6 3.0 0 -1 8 0.007

p: statistical significance



Table 3.11: Plaque and gingivitis scores: CRF group vs control group (study 1)

Chronic Renal Failure Group (n = 70) Control Group (n = 70)
Mean sd Median Min - Max Mean sd Median Min - Max P

Primary teeth
Plaque 12.7 16 8 0 -7 5 5.3 7.6 2 0 -2 3 0.04
Gingivitis 11 16.8 6 0 -6 9 4.2 6.4 1 0 -2 7 ns
Permanent teeth
Plaque 22 18.2 17 0 -7 4 15.5 13.3 12 0 -6 0 0.05
Gingivitis 11.4 14.6 6 0 -61 11.2 11.3 8 0 -6 8 ns

p\ statistical significance; ns: no significant difference

Table 3.12: Plaque and gingivitis index: CRF group vs control group (study 1)

Chronic Renal Failure Group (n = 70) Control Group (n = 70)
Mean sd Median Min - Max Mean sd Median Min - Max P

Primary teeth
Plaque index 10.2 20.4 0 0 -9 3 .8 5.7 12 0 0 -5 6 .3 ns
Gingivitis index 8.6 19.5 0 0 -8 6 .3 5.2 11.2 0 0 -5 0 ns
Permanent teeth
Plaque index 25.2 18.6 24 0 -7 5 19.4 17.3 13.9 0 -7 5 ns
Gingivitis index 13.9 15.4 7.6 0 -5 4 .5 14 13.4 9.4 0 -6 0 ns

to
p: statistical significance; ns: no significant difference



3.3.6 Summary of the Results (Study 1)

1. The prevalence o f dental caries was significantly less in the CRF group.

2. The mean plaque score was significantly higher in the CRF group for both the 

primary and permanent teeth, but there was no significant difference in the 

plaque index for either the primary or permanent teeth.

3. There was no significant difference in either the mean gingivitis score or 

gingivitis index between the CRF group and the control group.

4. The gingival enlargement score for the permanent teeth only was significantly 

greater in the CRF group compared with the controls.

5. The DDE score was significantly greater for the permanent teeth in the CRF 

group compared with controls. The proportion o f children with CRF who had 

developmental enamel defects associated with the permanent teeth was 

significantly greater compared with the controls.
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Table 3.13: Gingival enlargement (GE) score and index: CRF group vs control group (Study 1)

Chronic Renal Failure Group (n = 70) Control Group (n = 70)
Mean sd Median Min - Max Mean sd Median Min - Max P

Primary teeth
GE score 0 0 0 0 0 0 0 0 ns
GE index 0 0 0 0 0 0 0 0 ns
Permanent teeth
GE score 1.2 4.5 0 0 -2 9 0.1 1 0 0 - 8 0.02
GE index 4.5 18.2 0 0 -1 2 0 .8 0 0 0 0 0.02
p: statistical significance; ns : no significant difference

Table 3.14: Enamel defects score : CRF group vs control group (Study 1)

Chronic Renal Failure Group (n = 70) Control Group (n = 70)
Mean sd Median Min - Max Mean sd Median Min - Max P

Primary teeth
Enamel defects score 0.8 3.1 0 0 -1 6 0.4 1.7 0 0 - 8 ns
Permanent teeth
Enamel defects score 13.2 21.3 4 0 -9 0 4.8 14.7 0 0 -1 1 2 0.002
p: statistical significance; ns : no significant difference



Figure 3.1a: Linear developmental dental defects in CRF children

Figure 3.1b: Hypoplastic developmental dental defects in CRF children
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3.4 Dental Health, Oral Microflora and Salivary changes in 

Children with Chronic Renal Failure

3.4.1 Age, Gender and Ethnicity 

3.4,L I Subjects

There were 15 males and 10 females. The mean age of the children with chronic 

renal failure was 12.7 years, sd 2.8 years. Thirteen children were Asian, 11 were 

Caucasian and one was African.

3.4.1.2 Controls

There were 15 males and 10 females. The mean age of the control children was 12.9 

years, sd 3.0 years. Thirteen children were Asian, 11 were Caucasian and one was 

African.

3.4.2 Medical Details

3,4,2,1 Primary Diagnoses o f Patients with Chronic Renal Failure

The primary diagnoses o f the chronic renal failure conditions are shown in 

Table 3.15.

Table 3.15: Primary diagnoses of the children with chronic renal failure (study 2)

Primary Diagnosis of Renal Failure Patients (n = 25)
Pyelonephritis / Interstitial Nephritis 5
Hereditary / Familial Nephropathy 8
Congenital Hypoplasia / Dysplasia 7
Multisystem Disease 2
Miscellaneous Causes 3
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3.4.2.2 Types o f Dialysis

The children included in this study were treated with peritoneal dialysis, 

haemodialysis or no dialysis (Table 3.16).

Table 3.16: Numbers of children on different types o f dialysis (study 2)

Type of Dialysis Patients (n = 22)
Peritoneal Dialysis 16
Haemodialysis 6

Three children had no dialysis

3.4.2.3 Number o f Previous Transplants

Eight o f the children with CRF included in this study had one previous failure of 

kidney transplantation.

3.4.2.4 Number o f Children Fed via Gastrostomies

Six of the children with CRF were fed via gastrostomies.

3.4.2.5 Blood Biochemistry Results at the Examination Date

The results o f calcium, creatinine and urea blood levels o f each patient were recorded 

(Table 3.17).

Table 3.17: Blood biochemistry o f the children with CRF (study 2)

Calcium
(mmol/L)

Creatinine
(nmol/L)

Urea
(mmol/L)

Mean 2.5 773.2 17.2
Median 2.4 732.0 15.5
sd 0.2 269.0 5.4
Minimum 2.1 264 10.4
Maximum 2.8 1353 31.8
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3.4.3 Dental Indices

3.4.3.1 Dental Caries

A significantly greater proportion o f children in the CRF group (44 %) were caries 

free compared with the controls (8 %) (Chi - square 8.42, d f 1,/? = 0.004)

(Table 3.18).

There was no significant difference in either the dmfs or dmft between the CRF and 

control groups. There was a significantly greater DMFS {p = 0.03) and DMFT ip =

0.01) in the control group compared with the CRF group (Table 3.19). Breakdown 

o f the dmfs into the decayed, missing and filled components revealed that no primary 

teeth had been extracted from either the CRF or control children. None o f the 

children with CRF had fillings compared with 10 o f the controls ip = 0.02).

Similarly, none o f the CRF or control children had had extractions. The proportion 

o f filled surfaces only, was significantly lower in the children with CRF compared 

with the controls and was 1% vs 20% respectively ip = 0.002).

3.4.3.2 Dental Plaque

There was no significant difference in the mean plaque score for the primary and 

permanent teeth between the CRF group and the control group (Table 3.20). There 

was no significant difference in the dental plaque index o f primary and permanent 

teeth between the CRF and the control groups (Table 3.21).

3,4,3,3 Gingivitis

There was no significant difference in the mean gingivitis score for the primary and 

permanent teeth between the CRF group and the control group (Table 3.20). There 

was no significant difference in the gingivitis index o f primary and permanent teeth 

between the CRF and control groups (Table 3.21). Spontaneous bleeding was not 

detected in relation to primary or permanent teeth in either group.

98



Table 3.18: Caries experience: CRF group vs control group (study 2)
Children Caries Free P

CRF (n = 25) Controls (n = 25)
0.00411 (44%) 2 (8%)

p: statistical significance

Table 3.19: Decayed, missing and filled surfaces and teeth for primary dentition (dmfs /dmft) and decayed, missing and filled surfaces 
and teeth for permanent dentition (DMFS / DMFT) : CRF vs control group (study 2)

C hronic Renal Failure G roup (n = 25) C ontrol G roup (n = 25)
M ean sd M edian M in - Max M ean sd M edian M in - M ax P

dmfs 0.6 1.8 0 0 - 8 2.3 5.00 0 0 -2 0 ns
dm ft 0.4 1.2 0 0 - 4 1.1 2.3 0 0 - 9 ns
DMFS 2.5 3.8 0 0 -1 4 4.8 4.9 3 0 -1 8 0.03
DMFT 2.1 3.3 0 0 -1 3 4.0 3.3 3 0 -1 1 0.01
p: statistical significance; ns : no significant difference.
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Table 3.20: Plaque and gingivitis scores: CRF group vs control group (study 2)

Chronic Renal Failure Group (n = 25) Control Group (n = 25)
Mean sd Median | Min - Max Mean sd Median Min - Max P

Primary teeth
Plaque 4.1 9.5 0 0 -4 0 1.2 2.5 0 0 - 8 ns
Gingivitis 2.9 6.9 0 0 -2 8 1.9 4 0 0 -1 6 ns
Permanent teeth
Plaque 18.6 14.2 14 0 -5 4 15.7 15.5 10 0 -5 3 ns
Gingivitis 9.1 11 6 0 -4 6 11.7 9.4 10 0 -3 6 ns
ns : no significant difi crcncc, p: statistical significance

Table 3.21: Plaque and gingivitis index: CRF group vs control group (study 2)

Chronic Renal Failure Group (n = 25) Control group (n = 25)
Mean sd Median Min - Max Mean sd Median Min - Max P

Primary teeth
Plaque index 11.7 24.3 0 0 -1 0 0 2.8 6 0 0 - 2 0 ns
Gingivitis index 9.8 23.4 0 0 -1 0 0 4.2 8.7 0 0 -3 3 .3 ns
Permanent teeth
Plaque index 22.9 15.1 19.6 0 -5 8 .7 16.3 14.3 13.4 0 -5 5 .2 ns
Gingivitis index 12 13.9 7.1 0 - 5 0 12.9 9.7 10.7 0 -3 4 .6 ns

oo

ns : no significant difi erence,^: statistical significance



3,43 .4  Gingival Enlargement

There were only 2 children with gingival enlargement in the CRF group. None of 

the children in the control group had any gingival enlargement (Table 3.22).

3.4.3,5 Developmental Enam el Defects

There were no developmental enamel defects associated with the primary dentition 

o f the two groups. There were significantly greater developmental enamel defects 

associated with the permanent teeth o f the children with CRF when compared with 

the control subjects {p = 0.01) (Table 3.23). The proportion o f children with CRF 

who had enamel defects in permanent teeth (48 %) was significantly greater 

compared with the control group (8 %) (Chi - square 5.88, d f 1, p = 0.02).
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Table 3.22: Gingival enlargement (GE) score and index : CRF group vs control group (study 2)

Chronic Renal Failure Group (n = 25) Control group (n = 25)
Mean sd Median Min - Max Mean sd Median Min - Max p

Primary teeth
GE score 0 0 0 0 0 0 0 0 ns
GE index 0 0 0 0 0 0 0 0 ns
Permanent teeth
GE score 0.16 0.55 0 0 - 2 0 0 0 0 ns
GE index 0.7 2.3 0 0 -8 .3 0 0 0 0 ns
p\ statistical significance; ns: no significant difference

Table 3.23: Enamel Defects score : CRF group vs control group (study 2)

Chronic Renal Failure Group (n = 25) Control group (n = 25)
Mean sd Median Min - Max Mean sd Median Min - Max P

Primary teeth
Enamel defects score 0 0 0 0 0 0 0 0 ns
Permanent teeth
Enamel defects score 6.2 10.4 0 0 -3 6 1.1 2.6 0 0 - 8 0.01
p: statistical significance; ns : no significant difference

o
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3.4.4 Microbiological Data

3,4.4.1 Total Viable Counts

There was a significantly greater total aerobic bacterial mean count in the children 

with CRF compared with the controls (p = 0.01). There was no significant difference 

in the total anaerobic bacterial mean count between the two groups. The S. mitis and 

S. parasanguis counts were significantly greater in the CRF group (p = 0.02 and 

p  = 0.02). The S. mutans count was significantly less in the CRF group {p = 0.03) 

than in the control group (Table 3.24).

3.4.4.2 Oral Streptococci

3.4.4.2.1 Isolation Frequen cy

hi the CRF group the streptococcal species isolated were S. mitis, S. oralis,

S. salivarius, S. vestibularis, S. sanguis, S. parasanguis, S. gordonii, S. constellatus, 

S. mutans and, S. sobrinus. The most frequently isolated streptococcal species were 

S. mitis, S. oralis and S. parasanguis. The isolation frequency of S. parasanguis was 

significantly greater in the children with CRF compared with the controls ip = 0.03) 

(Table 3.24).

In the control group the streptococcal species isolated were S. mitis, S. oralis,

S. salivarius, S. vestibularis, S. sanguis, S. parasanguis, S . gordonii, S. constellatus, 

S. mutans and S. sobrinus. The most frequently isolated streptococcal species were 

S. mitis, S. oralis, S. mutans. The isolation frequency of S. mutans was significantly 

greater in the control subjects (p = 0.002) compared with the children with CRF 

(Table 3.24). There was no significant difference in the mean number o f 

streptococcal species between the two groups (Table 3.25).
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3.4.4.2,2 Total Streptococcal Count as a Percentage o f the Total Anaerobic Count 

There was a significantly greater total streptococcal count as a percentage o f the total 

anaerobic count in the CRF group compared with the control group {p = 0.045) 

(Table 3.26).

3.4.4.23 Each Streptococcal Species as a Percentage o f the Total Streptococcal 

Count

There were no significant differences between the CRF and the control groups in the 

proportion o f each streptococcal species as a percentage o f the total streptococcal 

count, except for the proportion of S. parasanguis which was greater in the CRF 

group ip = 0.02) (Table 3.27).

3.4.4.2.4 Each Streptococcal Species as a Percentage o f the Total Anaerobic 

Count

There were no significant differences in the proportion o f each streptococcal species 

as a percentage o f the total anaerobic count between the two groups except for the 

proportion o f S. parasanguis, which was greater in the CRF group {p = 0.04)

(Table 3.28).

3.4.4.3 Candida Species

No Candida species were isolated from the CRF group. Candida species were 

isolated from 11 children in the control group and all were identified as C. albicans. 

There was a significantly greater count o f Candida species in the control group 

compared with the CRF group (p = 0.0001) (Table 3.24).

3.4.4.4 Lactobacilli

There was no significant difference between the CRF and controls group in the total 

count o f lactobacilli. Furthermore, there was no significant difference between the 

two groups in the proportion o f lactobacilli as a percentage o f the total anaerobic 

count (Table 3.24),
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Table 3.24: Total viable counts as colony forming units (cfu) per ml (logio value) : 
CRF vs control group (Study 2)

Chronic Renal Failure Group (n = 25) Control Group (n = 25) P
Species % Mean sd Median Min - Max % Mean sd Median Min - Max

S. mitis 84 5.4 2.5 6.4 0 -6 .9 80 4.9 2.5 6 0 - 6.6 0.02
S. oralis 64 4.2 3.2 6.4 0 -7 .1 76 2.3 2.8 6.3 0 -7 .2 ns
S. salivarius 38 1.7 2.8 0 0 -  7 44 2.5 2.9 0 0 - 6 .2 ns
S. vestibularis 16 1 2.3 0 0 -6 .5 20 1.2 2.4 0 0 - 6.6 ns
S. sanguis 52 3.4 3.4 5.5 0 -7 .7 40 2.5 3.1 0 0 -6 .7 ns
S. parasanguis 44 2.9 3.4 0 0 -7 .3 16 1.00 2.3 0 0 -6 .8 0.02
S, gordonii 4 0.3 1.5 0 0 -7 .7 8 0.5 1.6 0 0 -6 .2 ns
S. constellatus 4 0.3 1.3 0 0 -6 .2 4 0.2 1.2 0 0 -5 .8 ns
S. sobrinus 4 0.3 1.3 0 0 -6 .4 8 0.5 1.7 0 0 -6 .4 ns
S. mutans 40 1.7 2.3 0 0 -6 .2 84 3.1 1.6 3,5 0 -5 .8 0.03
Candida species 0 nd nd nd nd 44 1.3 1.6 0 0 -4 .1 0.0001

Lactobacilli 32 0.8 1.3 0 0 - 4 32 0.9 1.4 0 0 -3 .4 ns

Aerobic Count 100 7.7 0.3 7.7 7.3 - 8.2 100 7.5 0.4 7.4 6 .9 -8 .5 0.01

Anaerobic Count 100 7.8 0.4 7.7 7.0 - 8.4 100 7.7 0.4 7.5 7.1 -8.3 ns
%: percentage of children
p: statistical significance; ns: no significant difference; nd: not detected;
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Table 3.25; Mean number of streptococcal species : 
CRF vs control group (study 2)

Chronic Renal Failure Group (n = 25) Control G roup ( n = 25) P
M ean sd M edian Min - M ax M ean sd M edian M in - M ax

3.2 0.9 3.0 2.0-5.0 3.7 1.00 3.0 2.0-6.0 ns
p: statistical significance; ns = no significant difference

Table 3.26: Total streptococcal count as a percentage of the total anaerobic count : 
CRF vs control group (study 2)

Chronic Renal Failure G roup (n = 25) Control G roup ( n = 25) P
M ean sd M edian Min - Max Mean sd M edian M in - M ax
31.9 32.6 19.7 3.6-100 20.2 24.6 8.1 1.1-90.3 0.045

p\ statistical significance
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Table 3.27: Proportion of each streptococcal species as a percentage of the total streptococcal count :
CRF V5 control group (study 2)

Chronic Renal Failure Group (n = 25) Control Group (n = 25) P
Species Mean sd Median Min - Max Mean sd Median Min - Max

S. mitis 25.9 25.8 16.3 0 -8 7 30.1 29.7 20.6 0 -8 5 ns
S. oralis 24.8 25 21.7 0 - 78.4 32.8 26.9 3Z3 0 - 87.9 ns
S, salivarius 4.2 9.6 0 0 -3 9 .3 6.3 9.8 0 0 - 30.4 ns
S. vestibularis 2.1 5.5 0 0 - 20.4 4.6 14.1 0 0 - 64.3 ns
S. sanguis 18.9 26 5.2 0 -8 8 .6 13.8 24.9 0 0 - 83.3 ns
S. parasanguis 17.6 24.2 0 0 - 70.4 4.4 13.4 0 0 -6 0 0.02
S. gordonii 3.2 15.7 0 0 - 78.7 1.0 3.7 0 0 -16 .1 ns
S. constellatus 1.4 7 0 0 - 34.8 1.9 9.7 0 0 - 48.4 ns
S. mutans 1.3 3.5 0 0 -1 3 .9 2.5 7 0 0-26 .1 ns
S. sobrinus 0.9 4.5 0 0 - 22.3 2.5 9.3 0 0 - 42.9 ns
p: statistical significance; ns: no significant difference
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Table 3.28: Proportion o f each streptococcal species as a percentage of the total anaerobic count:
CRF vs control group (study 2)

Chronic Renal Failure Group (n = 25) Control Group (n = 25) P
Species Mean sd Median Min - Max Mean sd Median Min - Max

S. mitis 9.1 16.5 3.2 0 -  80 4.1 5.4 2.1 0 -  20.2 ns
S. oralis 5.7 9.7 2 0 -4 3 .2 8.9 13.8 2.8 0 -4 8 .4 ns
S. salivarius 1.0 2.6 0 0 - 9 .3 1.0 1.8 0 0 - 6 ns
S. vestibularis 0.9 2.4 0 0 - 2 .4 1.0 3.3 0 0 -1 4 .9 ns
S. sanguis 3.4 4.9 0.9 0 -1 3 .8 1.8 3.6 0 0 - 1 6 ns
S. parasanguis 4.4 8.4 0 0 - 3 4 1.9 6.3 0 0 -2 5 .8 0.04
S. gordonii 2.2 11.2 0 0 -5 5 .8 0.2 1.1 0 0 - 5 .2 ns
S, constellatus 0.2 0.8 0 0 - 4 0.1 0.3 0 0 - 1 .5 ns
S. mutans 0.2 0.4 0 0 - 1 .6 0.4 1.6 0 0 - 8 ns
S. sobrinus 0.3 1.2 0 0 - 6 0.8 3.6 0 0 -1 7 .8 ns
p: statistical significance; ns: no significant difference
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3.4.4.5 Enterobacteriaceae and Enterococci

Enterobacteriaceae and Enterococci were not isolated in either group.

3.4.5 Salivary Data

There was a significantly greater saliva buffering capacity in the CRP group in 

comparison with the control group {p = 0.001) but there was no significant difference 

in the saliva flow rate.

The amount of calcium in the saliva was higher in the CRF group hut not 

significantly different from the control subjects. The saliva urea levels were 

significantly greater in the children with CRF compared with the controls 

{p = 0.0001) (Table 3.29)

3.4.6 Summary of Results (Study 2)

Dental Findings:

1. The prevalence of dental caries was significantly less in the CRF group.

2. The mean plaque score and mean plaque index were not significantly different 

between the CRF and control group.

3. There was no significant difference in the mean gingivitis score or mean gingivitis 

index between the two groups.

4. There was no significant difference between the two groups in the gingival 

enlargement score or index for the primary and permanent teeth.

5. The DDE score associated with the permanent teeth o f the children in the CRF 

group was significantly greater compared with the controls.
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Table 3.29: Salivary findings : CRF vs control group (study 2)

Chronic Renal Failure Group (n = 25) Control Group (n = 25) P
Mean sd Median Min - Max Mean sd Median Min - Max

Salivary calcium 
(mmol/L) 0.6 3.0 0.5 0 .4 -1 .7 0.5 0.3 0.5 0 .1 2 -1 .2 ns

Salivary urea 
(mmol/L) 11.6 5.9 10.2 2 .6 -2 7 .3 3.6 1.4 3.5 1 .8 -7 .3 0.0001

Saliva flow rate 
(ml/2min)

4.1 11.7 1.8 0 .5 -6 .0 1.8 1.0 1.8 0 .5 -4 .0 ns

Saliva buffering 
capacity(final pH)

6.4 0.5 6.5 5 .5 -7 .0 5.6 0.8 5.5 4 .5 -7 .0 0.001

p: statistical significance; ns: no significant difference



Microbiological Findings:

1. The mean total aerobic bacterial count was significantly greater in the CRF group 

compared with the control group.

2. The isolation fi*equency of S. parasanguis was significantly greater in the CRF 

group.

3. The isolation frequency of S. mutans was significantly greater in the control 

group.

4. The S. mitis and S. parasanguis counts were significantly greater in the CRF 

group.

5. The S. mutans count was significantly greater in the control group.

6. The total streptococcal count as a percentage o f the total anaerobic count was 

significantly greater in the CRF group compared with the control group.

7. The proportion o f S. parasanguis as a percentage of the total streptococcal count 

was significantly greater in the CRF group. Also the proportion of

S. parasanguis as a percentage o f the total anaerobic count was significantly 

greater in the CRF group.

8. There was significantly more C. albicans isolated from the saliva o f the control 

group compared with the CRF group.

Salivary Findings:

1. The saliva buffering capacity was significantly greater in the CRF group 

compared with the control group.

2. The saliva urea levels were significantly greater in the CRF group compared with 

the saliva urea levels in the control group.
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3.4.7 Comparison of Dental Indices, Microbiological Data and the Salivary 

Findings between the CRF Children with and without Gastrostomies

The children with CRF were divided into two groups:

1. Children with gastrostomies (n = 6)

2. Children with no gastrostomies (n = 19)

3.4.7.1 Dental Indices

3.4.7.1.1 Dental Caries

There was no significant difference in the mean dmft, dmfs, DMFT and DMFS of the 

CRF children with and without gastrostomies (Table 3.30).

3.4.7.1.2 Dental Plaque

There was a significantly greater mean plaque score (p = 0.003) and plaque index 

(p = 0.01) for the primary teeth of CRF children with gastrostomies compared with the 

CRF children with no gastrostomies (Table 3.30).

There was no significant difference between CRF children with and without 

gastrostomies in the mean plaque score or index for the permanent teeth (Table 3.30).

3.4.7.1.3 Gingivitis

There was a significantly greater mean gingivitis score {p = 0.03) and gingivitis index 

(p = 0.05) for primary teeth o f the CRF children with gastrostomies compared with the 

CRF children with no gastrostomies (Table 3.30).

There was no significant difference in the mean gingivitis score for permanent teeth 

between the CRF children with and without gastrostomies (Table 3.30).
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5.4 ,7.2 Microbiological Data

3.4.7.2.1 Total Viable Counts

There was no significant difference in the mean total aerobic and anaerobic bacterial 

count between the CRF children with gastrostomies and no gastrostomies 

(Table 3.31).

3.4.7.2.2 Mean Number o f  Streptococcal Species

There was no significant difference between the CRF children with and without 

gastrostomies in the mean number o f streptococcal species isolated (Table 3.32).

3.4.7.2.3 Total Streptococcal Count as a Percentage o f  the Total Anaerobic Count

There was no significant difference between the CRF children with and without 

gastrostomies in the total streptococcal count as a percentage o f the total anaerobic 

count (Table 3.33).

3.4.7.2.4 Each Streptococcal Species as a Percentage o f  the Total Streptococcal Count

There was no significant difference between the CRF children with and without 

gastrostomies in the proportion o f each streptococcal species as a percentage of the 

total streptococcal count (Table 3.34).

3.4.7.2.5 Each Streptococcal Species as a Percentage o f  the Total Anaerobic Count

There were no significant differences in the proportion o f each streptococcal species 

as a percentage o f the total anaerobic count between the two groups o f children with 

CRF (Table 3.35).
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Table 3.30: dmfs, dmft, DMFs, DMFT, plaque score and index and gingivitis score and index :
CRF with no gastrostomies vs CRF with gastrostomies (Study 2)

CRF with no gastrostomies (n = 19) CRF with gastrostomies (n = 6) P
M ean sd M edian Min-Max M ean sd M edian M in-M ax

Primary teeth
dmfs 0 0 0 0 2.3 3.2 1.0 0 - 8 ns
dm ft 0 0 0 0 1.7 2.0 1.0 0 - 4 ns
Plaque score 0.5 1.3 0 0 - 4 15.2 15.3 12.0 0 - 4 0 0.003
Gingivitis score 0.4 1.0 0 0 - 4 10.7 11.2 10 0 - 2 8 0.03
Plaque index 6.4 22.9 0 0 -1 0 0 28.3 22.4 27.9 0 -6 2 .5 0.01
Gingivitis index 6.1 22.9 0 0 -1 0 0 21.9 22.5 18.7 0 - 5 0 0.05
Permanent teeth
DMFS 3.0 4.1 1.0 0 - 1 4 0.7 1.0 0 0 - 2 ns
DMFT 2.6 3.7 1.0 0 - 1 3 0.5 0.9 0 0 - 2 ns
Plaque score 19.9 15.1 14.0 5 - 5 4 14.3 10.6 12.0 0 - 3 1 ns
Gingivitis score 8.2 8.5 6.0 0 - 2 8 11.8 17.4 6.5 0 - 4 6 ns
Plaque index 21,8 14.8 17.9 5 .2 -5 8 .7 26.3 17.0 29.8 0 - 5 0 ns
Gingivitis index 9.3 8.8 6.3 0 -3 0 ,4 20.7 22.9 13.0 0 - 5 0 ns
p: statistical significance; ns: no significant difference



Table 3.31: Total viable counts as colony forming units per ml (logio value) : 
CRF with gastrostomies vs CRF with no gastrostomies (Study 2)

CRF with no gastrostomies (n = 19) CRF with gastrostomies (n = 6) P
Species % Mean sd Median Min - Max % Mean sd Median Min - Max

S. mitis 84 5.5 2.5 6.6 0 -  6.9 83 5.3 2.6 6.3 0 -6 .5 ns
S. oralis 58 3.8 3.3 6.3 0 - 7 .0 83 5.6 2.8 6.6 0 -7 .1 ns
S. salivarius 32 1.9 2.9 0 0 -  7.0 50 1.0 2.4 0 0 -5 .9 ns
S. vestibularis 21 1.3 2.6 0 0 -6 .5 nd nd nd nd nd ns
S. sanguis 53 3.5 3.4 6.1 0 -7 .7 50 3.3 3.7 2.8 0 -7 .2 ns
S. parasanguis 37 2.5 3.4 0 0 -7 .3 66 1.00 2.3 0 0 -6 .8 ns
S, gordonii 5.3 0.4 1.8 0 0 -7 .7 nd nd nd nd nd ns
S. constellatus 5.3 0.3 1.4 0 0 -6 .2 nd nd nd nd nd ns
S. sobrinus 5.3 0.3 1.5 0 0 -6 .4 nd nd nd nd nd ns
S. mutans 42 1.8 2.4 0 0 -6 .2 33 1.4 2.2 0 0 -4 .8 ns
Candida species nd nd nd nd nd nd nd nd nd nd ns

Lactobacilli 32 0.7 1.3 0 0 - 4 33 1.1 1.4 0.5 0 -3 .1 ns

Aerobic Count 100 7.7 0.4 7.7 7.3 - 8.2 100 7.8 0.3 7.8 7 .4-8 .1 ns

Anaerobic Count 100 7.8 0.4 7.7 7.0 - 8.4 100 7.8 0.3 7.8 7.4 - 8.2 ns
% : percentage of children
p: statistical significance; ns : no significant difference; nd : not detected



Table 3.32: Mean number of streptococcal species :
CRF with gastrostomies vs CRF with no gastrostomies (study 2)

CRF with no gastrostomies (n = 19) CRF with gastrostomies (n = 6) P
Mean sd Median Min - Max Mean sd Median Min - Max

3.2 0.9 3.0 2.0-5.0 3.2 0.8 3.0 2.0-4.0 ns
p: statistical significance; ns: no significant difference

Table 3.33: Total streptococcal count as a percentage of the total anaerobic count : 
CRF with gastrostomies vs CRF with no gastrostomies (study 2)

CRF with no gastrostomies (n = 19) CRF with gastrostomies (n = 6) P
Mean sd Median Min - Max Mean sd Median Min - Max
34.3 35.5 23.5 3.61-100 24.0 22.0 18.4 6.0-67.6 ns

p\ statistical significance; ns: no significant difference
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Table 3.34: Proportion o f each streptococcal species as a percentage o f the total streptococcal count :
CRF with gastrostomies vs CRF with no gastrostomies (study 2)

CRF with no gastrostomies (n = 19) CRF with gastrostomies (n = 6) P
Species Mean sd Median Min - Max Mean sd Median Min - Max

S, mitis 28.6 27.2 21.7 0 -8 7 17.3 20.3 11.7 0 -5 7 .2 ns
S. oralis 20.2 14.9 22.0 0 -6 3 .4 39.4 30.9 43.7 0 -  78.4 ns
S. salivarius 4.9 10.7 0 0 - 39.3 1.9 4.5 0 0 -1 1 .1 ns
S. vestibularis 2.7 6.2 0 0 -  20.4 nd nd nd nd ns
S. sanguis 18.2 25.0 10.6 0 -8 8 .6 20.9 31.1 2.6 0 -  70.2 ns
S. parasanguis 17.6 26.4 0 0 -7 0 .4 18.2 17.2 17.9 0 -4 2 .8 ns
S, gordonii 4.2 18.1 0 0 -7 8 .7 nd nd nd nd ns
S, constellatus 1.8 8.0 0 0 -3 4 .8 nd nd nd nd ns
S. mutans 0.9 2.6 0 0 - 9 .0 2.3 5.7 0 0 -  13.9 ns
S. sobrinus 1.2 5.1 0 0 -2 2 .3 nd nd nd nd ns
p: statistical significance; ns: no significant difference; nd: not detectec



Table 3.35: Proportion o f each streptococcal species as a percentage o f the total anaerobic count :
CRF with gastrostomies vs CRF with no gastrostomies (study 2)

CRF with no gastrostomies (n = 19) CRF with gastrostomies (n = 6) P
Species Mean sd Median Min - Max Mean sd Median Min - Max

S. mitis 10.8 18.6 3.7 0 - 8 0 3.9 3.6 2.6 0 - 8 .6 ns
S. oralis 3.8 5.9 1.6 0 -2 3 .8 11.6 16.4 5.1 0 -4 3 .2 ns
S. salivarius 1.2 2.9 0 0 - 2 .9 0.1 0.3 0 0 - 0 .7 ns
S. vestibularis 1.2 2.7 0 0 -7 .5 nd nd nd nd ns
S. sanguis 3.2 4.6 0.9 0 -1 2 .7 4.0 6.0 0.5 0 -1 3 .8 ns
S. parasanguis 4.4 9.1 0 0 -  34.0 4.4 6.0 2.1 0 -1 5 .8 ns
S. gordonii 2.9 12.8 0 0 -5 5 .8 nd nd nd nd ns
S. constellatus 0.2 0.9 0 0 - 4 .0 nd nd nd nd ns
S, mutans 0.2 0.5 0 0 - 1 .6 0.1 0.4 0 0 -  0.8 ns
S. sobrinus 0.3 1.4 0 0 - 6 nd nd nd nd ns
p: statistical significance; ns: no significant difference; nd: not detectec
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3.4.7.2.6 Candida Species

No Candida species were isolated from any of the children with CRF (Table 3.31).

3.4.7.2.7 Enterobacteriaceae and Enterococci

Enterobacteriaceae and enterococci were not isolated in either group.

3.4.7.2.8 Lactobacilli

There was no significant difference between the CRF children with and without 

gastrostomies in the total count o f lactobacilli. There was no significant difference 

between the two groups in the proportion lactobacilli as a percentage o f the total 

anaerobic count (Table 3.31).

3.4.7.3 Salivary Data

There was no significant difference in the saliva buffering capacity o f the two CRF 

groups but there was a significantly greater saliva flow rate in the CRF children with 

no gastrostomies {p = 0.02).

The amount of calcium in the saliva was not significantly different between the two 

groups. The saliva urea levels were significantly greater in the CRF children with no 

gastrostomies (p = 0.04) (Table 3.36).

3.4.7.4 Summary 

Dental Findings:

1. There was no significant difference in the prevalence o f dental caries between the 

CRF children with and without gastrostomies.

2. There was a significantly greater mean plaque score and plaque index in the CRF 

children with gastrostomies compared to the CRF children with no gastrostomies.

3. There was a significantly greater mean gingivitis score and gingivitis index in the 

CRF children with gastrostomies compared with the CRF children with no 

gastrostomies, for primary teeth only.
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Microbiological Findings:

There was no significant difference between the oral micro flora o f the two groups of 

the children with CRF.

Salivary Findings:

1. The saliva flow rate was significantly greater in the CRF children with no 

gastrostomies.

2. The saliva urea levels were significantly greater in the CRF children with no 

gastrostomies.
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Table 3.36: Salivary findings :
CRF with gastrostomies vs CRF with no gastrostomies (Study 2)

CRF with no gastrostomies (n = 19) CRF with gastrostomies (n = 6) P
Mean sd Median Min - Max Mean sd Median Min - Max

Salivary calcium 
(mmol/L) 0.5 0.9 0.5 0 .4 -0 .7 0.8 0.6 0.5 0 .4 -1 .7 ns

Salivary urea 
(mmol/L) 12.9 6.0 12.1 3 .3 -2 7 .3 7.5 3.3 9.1 2 .6 -1 0 .2 0.03

Saliva flow rate 
(ml/2miu) 5.1 13.4 2.1 0.5 -  6.0 1.0 0.7 0.8 0 .5 -2 .0 0.02

Saliva buffering 
capacity(flual pH) 6.5 0.5 6.5 5 .5 -7 .0 6.1 0.4 6.0 5 .5 -6 .5 ns

p: statistical significance; ns: no significant difference
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Results of Study 3

3.5 Dental Health and Oral Microflora of Children Undergoing 

Renal Transplantation

3.5.1 Age, Gender and Ethnicity

3.5.1.1 Subjects

There were 15 males and 9 females. The mean age o f the renal transplant children 

was 11.6 years, sd 3.5 years. Eleven o f the children were Asian and 13 were 

Caucasian.

3.5.1.2 Controls

There were 15 males and 9 females. The mean age o f the control children was 11.7 

years, sd 3.6 years. Eleven of the children were Asian and 13 were Caucasian.

3.5.2 Medical Details

3.5.2.1 Primary Diagnosis o f  the Children with CRF Undergoing Renal Transplant

The primary diagnoses of the children with chronic renal failure are shown in Table 
3.37.

Table 3.37: Primary diagnoses o f chronic renal failure condition (study 3)
Primary Diagnosis of Renal Failure Patients (n = 24)
Pyelonephritis / Interstitial Nephritis 5
Hereditary / Familial Nephropathy 6
Congenital Hypoplasia / Dysplasia 8
Multisystem Disease 4
Miscellaneous causes 1

One RT child was being treated with Penicillin V 250mg daily at baseline. Sixteen 

children received ciprofloxacin 5mg/kg at operation and four times daily for 1 day 

post -  transplantation. All the children were treated with septrin (240 to 480mg 

daily) from day 2 post -  transplantation for a period o f 6 months.

3.5.2.2 Number o f Previous Transplants

Three children had had one previous kidney transplant and only one child 2 previous 

kidney transplants.
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3.5.2.3 Types o f  Kidney Transplants

Eight children received kidneys from live related donors (LRD) and 16 children 

received kidneys from cadaveric donors (CD).

3.5.2.4 Blood Biochemistry Results at the Examination Date

The results o f calcium, creatinine and urea blood levels o f each patient were recorded 

at the three visits. The creatinine and urea levels decreased significantly between 

baseline and 2 days post- transplantation {p = 0.0001,/? = 0.0001 respectively), and 

between baseline and 90 days post -  transplantation {p = 0.0001,/? = 0.0001 

respectively) (Table 3.38).

Table 3.38: Blood biochemistry of renal transplant children

Mean Median sd Min - Max
Before Transplant
Calcium (mmol/L) 2.4 2.4 0.2 2 .0 -2 .8
Creatinine(|imol/L) 699.3 660.5 237.1 372- 1113
Urea (mmol/L) 15.1 14.4 4.6 9.0 - 24.8
Within 2 days post - transplantation
Calcium (mmol/L) 2.3 2.4 0.19 2.0 - 2.6
Creatinine (pmol/L) 522.3 477 251 153 -977
Urea (mmol/L) 12.5 11.3 4.2 6 .7 -21 .4
90 days post - transplantation
Calcium (mmol/L) 2.4 2.4 0.09 2.2 - 2.6
Creatinine (pmol/L) 104.1 97.5 34.7 43 -189
Urea (mmol/L) 6.9 6.3 2.7 3 .2 -17 .2

3.5.2.5 Times o f  Oral Examination and Microbiological Sampling

The oral examinations and microbiological samplings were carried out at specific 

times for the RT and the control groups. For the patients, these were at baseline, 

visit 1 (VI), which was immediately before the transplant, 2 days (V2) and 90 days 

post-transplant (V3)(Table 3.39). For the controls, these were carried out at baseline 

(VI) and 90 days after. For the sake o f clarity and for proper comparison with the 

patient group, this visit was assigned the name V3.
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Table 3.39: Times of oral examination and microbiological sampling:

Baseline
(VI)

2 days 
transp

post-
lantation (V2)

90 days post
transplantation (V3)

Groups Mean Min - Max Mean Min - Max
R T (n  = 24) 1.5 1 -2 95.3 90 - 100
Controls (n = 24) - - 95.9 90 - 104

3.5.3 Dental Indices in the Control Group

3.5.3.1 Dental Caries

The percentage o f control children who were caries free was 8.3 %. The mean dmfs, 

dmft, DMFS and DMFT scores are shown in Table 3.40.

3.5.3.2 Dental Plaque

There was no significant difference in the mean plaque score or the mean plaque 

index o f the primary and permanent teeth between baseline and 90 days later 

(Table 3.41).

3.5.3.3 Gingivitis

There was no significant difference in the mean gingivitis score or the mean 

gingivitis index o f the primary and permanent teeth between baseline and 90 days 

later (Table 3.41). Spontaneous bleeding was not detected in relation to primary or 

permanent teeth at either visit.

3.5.3.4 Gingival Enlargement

There was no significant difference in the gingival enlargement score or the gingival 

enlargement index between baseline and 90 days later for the primary and permanent teeth 

(Table 3.41).

3.5.3.5 Summary o f  the Dental Findings o f  the Control Group between the Two Visits

1. The percentage o f control children who were caries free was 8.3 %.

2. The mean dmfs was 4.0, dmft was 1.9, DMFS was 4.4 and the DMFT was 3.1.
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3. There was no significant difference in the mean plaque score o f the primary and 

permanent teeth or the mean plaque index between baseline and 90 days later.

4. There was no significant difference in the mean gingivitis score and gingivitis 

index o f the primary and permanent teeth between baseline and 90 days later.

5. There was no significant difference between baseline and 90 days later in the 

gingival enlargement score or index for the primary and permanent teeth.
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Table 3.40: Mean dmfs, dmft, DMFS and DMFT for the primary and permanent teeth:
the control group at baseline

M ean sd M edian M in - M ax
dmfs 4.0 7.7 0 0 -2 9
dm ft 1.9 3.4 0 0 - 1 2
DMFS 4.4 4.7 3 0 -1 8
DM FT 3.1 3.0 2 0 -1 1



Table 3.41: Plaque score, gingivitis score, plaque index, gingivitis index and gingival enlargement (GE) index :
control group at baseline (VI) and 90 days later (V3) (study 3)

Control Group VI (n = 24) Control Group V3 (n = 24)
1 Mean sd Median Min - Max Mean sd Median | Min - Max p

Primary Teeth
Plaque score 2.3 5.6 0 0 -2 6 2.2 4.9 0 0 -2 2 ns
Gingivitis score 2.2 4.1 0 0 -1 6 1.9 3.4 0 0 -1 2 ns
Plaque index 4.3 8.7 0 0-36 .1 3.6 7.4 0 0 -3 0 .6 ns
Gingivitis index 4.7 8.9 0 0-3 3 .3 4.1 7.3 0 0 -2 5 ns
GE index 0 0 0 0 0 0 0 0 ns
Permanent Teeth
Plaque score 15.7 13.7 13.5 0 -5 3 15.2 12.8 12.5 0 -5 0 ns
Gingivitis score 10.3 10.9 5.5 0 -3 6 10.0 6.7 9.5 0 - 2 4 ns
Plaque index 18.1 15.3 17 0 -5 5 .2 18 15 18.8 0 -4 8 .1 ns
Gingivitis index 12 12.4 8.0 0 - 34.6 11.9 8.4 10.5 0 -3 0 ns
GE index 0 0 0 0 0 0 0 0 ns
p\ statistical significance; ns: no significant difference
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3.5.4 Dental Indices in the Renal Transplant Group

3.5.4.1 Dental Caries

The percentage o f RT children who were caries free was 61%. The mean dmfs, 

dmft, DMFS and DMFT scores are shown in Table 3.42.

3.5.4.2 Dental Plaque

There was no significant difference in mean plaque score and the mean plaque index 

of the primary and permanent teeth of the RT children between baseline and within 2 

days post - transplantation.

There was a significantly greater mean plaque score (p = 0.02) and plaque index 

{p = 0.02) for the permanent teeth at baseline only, compared with 90 days post -  

transplantation (Table 3.43).

3.5.4.3 Gingivitis

There was no significant difference in the mean gingivitis score or the mean 

gingivitis index of the primary and permanent teeth between the three visits 

(Table 3.43). Spontaneous bleeding was not detected in relation to the primary or 

permanent teeth in any visit.

3.5.4.4 Gingival Enlargement

Gingival enlargement was not detected in relation to the primary teeth o f the RT 

children. Gingival enlargement was detected in relation to the permanent teeth o f 4 

RT children at baseline and in 5 o f these children at the final visit. There was a 

significantly greater mean gingival enlargement score {p = 0.04) and mean gingival 

enlargement index ip = 0.04) for the permanent teeth only at the final visit compared 

with baseline.
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Table 3.42: Mean dmfs, dmft, DMFS and DMFT for the primary and permanent teeth:
the RT group at baseline

M ean sd M edian M in - Max

dmfs 0.3 0.9 0 0 - 4

dm ft 0.3 0.9 0 0 - 4

DMFS 2.3 5.3 0 0 -2 4

DMFT 1.5 2.6 0 0 - 8

to
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Table 3.43: Plaque score, gingivitis score, plaque index, gingivitis index and gingival enlargement (GE) score and index :
RT group at baseline (VI), within 2 days post -  transplant (V2) and 90 days later (V3) (study 3)

RT Group VI (n = 24) RT Group V2 (n = 24) RT Group V2 (n = 24)
Mean sd Median Min - Max Mean sd Median Min -Max P

vl& v2
Mean sd Median Min - Max P

v l&  v3
Primary Teeth
Plaque score 4.1 8.4 0 0 -2 8 3.7 6.6 0 0 -2 2 ns 3.5 6.7 0 0 -2 2 ns
Gingivitis score 3.0 6.7 0 0 -2 8 2.4 5.2 0 0 -1 9 ns 2.4 5 0 0 -1 6 ns
Plaque index 6 12.8 0 0 -4 1 .7 6.5 13.2 0 0 - 5 0 ns 4 9.4 0 0 -3 7 .5 ns
Gingivitis index 4.5 10.2 0 0 -4 3 .8 3.4 7.4 0 0 -2 9 .7 ns 4,6 9.4 0 0 - 34.4 ns
GE score 0 0 0 0 0 0 0 0 ns 0 0 0 0 ns
GE index 0 0 0 0 0 0 0 0 ns 0 0 0 0 ns
Permanent Teeth
Plaque score 14.7 12 11 0 -4 9 14 11 10.5 0 -4 9 ns 9.4 10.4 6 0 -5 0 0.02
Gingivitis score 8.5 10.9 7 0 -4 8 7.4 6.2 7.5 0 -2 5 ns 7.7 5.8 6 0 -2 2 ns
Plaque index 20.7 16.1 15.7 0-58 .3 20.5 16.8 16.5 0 -5 8 .3 ns 16.3 17.5 7.5 0 -5 0 0.02
Gingivitis index 12.9 14.3 8.1 0 -5 0 11.2 10.3 9.0 0 -3 7 .5 ns 12.7 14.9 7.6 0 - 66.7 ns
GE score 0.5 1.4 0 0 - 6 - - - - - 1.8 5.2 0 0 -2 4 0.04
GE index 2.1 5.6 0 0 -2 5 - - - - - 7.6 21.6 0 0 -1 0 0 0.04

p\ statistical significance; ns: not significant



The majority of RT children had a minor degree o f gingival enlargement which was 

mainly confined to the labial surfaces o f the upper and lower anterior teeth.

There was a significantly greater gingival enlargement index for the permanent teeth 

o f the RT children at 90 days compared with baseline {p = 0.04) (Table 3.43).

The demographic and drugs variables for the RT patients who had gingival 

enlargement (GE) compared to those with no gingival enlargement (No GE) are 

shown in Table 3.44.

Table 3.44: Demographic and drugs variables for the RT patients who had gingival

Patients with 
GE

(n = 5)

Patients with 
No GE

(n = 1 9 )

P

0.0001
Male/female 4/1 11/8 ns

Age (years) mean/sd 13.1/3.1 11.3 /3 .6 ns

Days post - transplantation 
(mean/min-max)

96.2/(92-99) 95/(90-100) ns

Patients on cyclosporin 4 13 ns
Mean Cyclosporin dose (mg) 125 102.3 ns

Cyclosporin mean blood 
trough level (pg/l)

138.8 131.9 ns

Patients on FK506 daily 1 6 ns

Mean FK506 dose (mg) 2.0 5.5 ns
FK506 mean blood trough 
level (pg/1)

8.9 9.4 ns

Patients on Nifedipine 5 14 ns
Plaque index permanent teeth 
(mean/min-max)

13.7 (3.6-50) 17.1 (0-50) ns

Gingivitis index permanent 
Teeth (mean/min-max)

17.9 (0-66.7) 11.3 (0-43.8) ns
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There was no evidence o f significant correlation between the gingival enlargement 

index for the permanent teeth at the final visit with the plaque index, gingivitis index 

and the time since transplant (Table 3.45).

Table 3.45: Correlation between the gingival enlargement index with the plaque index 
and the gingivitis index at the final visit using Spearman rank correlation coefficient 
(rho).

Gingival enlargement index at final visit (RT children]
rho P

Plaque Index -0.07 0.74
Gingivitis Index -0.09 0.67
rho = Spearman rank correlation coefficient

3.5.4.5 Summary o f  the Dental Findings o f  the R T  Group between the three visits

1. The proportion o f RT children who were caries fi-ee was 61%.

2. The mean dmfs was 0.3, dmft was 0.3, DMFS was 1.3 and DMFT was 1.5.

3. There was a significantly greater mean plaque score and plaque index for the 

permanent teeth at baseline and within 2 days post - transplantation compared 

with 90 days post - transplantation.

4. There was no significant difference in the mean gingivitis score or gingivitis 

index for the primary and permanent teeth between the three visits.

5. The gingival enlargement index for the permanent teeth o f the RT children was 

significantly greater at 90 days compared with baseline.

3.5.5 Comparison of the Dental Findings in the RT and Control Groups

3.5.5.1 Dental Caries

There was a significantly greater proportion o f children in the RT group who were 

caries free (61 %) compared with the controls (8.3 %) (Chi - square 17.42, d f l ,

p  = 0.0001)

There was a significantly greater mean dmfs {p = 0.03), dmft {p = 0.03), DMFS 

{p = 0.01) and DMFT (p = 0.02) in the control group compared with the RT group at 

baseline.
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Breakdown o f the dmfs into the decayed, missing and filled components revealed 

that the decayed and filled proportions only were significantly lower in the RT 

children. The proportion o f decayed surfaces was 8% vs 20% {p = 0.05) for the RT 

and control children respectively. The RT children had no filled primary teeth 

compared with 10% of the controls {p = 0.02). Similarly for the permanent teeth, the 

proportion o f decayed surfaces was significantly lower for the RT group compared 

with controls, 20% vs 50% (p = 0.01) and also the proportion o f filled surfaces, 4% 

vs 20% (p = 0.03), respectively.

3.5.5.2 Dental Plaque

There was no significant difference between RT children and the control subjects in 

the mean plaque score and mean plaque index for the primary and permanent teeth at 

baseline and the final visit.

3.5.5.3 Gingivitis

There was no significant difference between the RT group and the control group in 

the mean gingivitis score and mean gingivitis index for the primary and permanent 

teeth at baseline and the final visit. Spontaneous bleeding was not detected in 

relation to primary or permanent teeth in either group.

3.5.5.4 Gingival Enlargement

There was a significantly greater gingival enlargement index for the permanent teeth 

o f the RT children compared to the control group at the final visit {p = 0.04).

3.5.5.5 Summary o f  the Comparison o f  the Dental Findings between the R T  and  

Control Children

1. The prevalence of dental caries was significantly less in the children with CRF.

2. There was no significant difference between the RT children and the control 

subjects for the plaque score or plaque index.

3. There was no significant difference in the gingivitis score or gingivitis index 

between the RT group and the control group.
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4. There was a significantly greater gingival enlargement score and index for the 

permanent teeth o f the RT children compared to the control group at the final 

visit.

3.5.6 Microbiological Findings in the Control Group

The microbiological findings in the control children at the two visits (baseline and 90 

days later) were as follows:

3.5.6.1 Total Viable Counts

There was no significant difference in the mean total aerobic or anaerobic bacterial 

counts orthe number o f species isolated from the control children between baseline 

and 90 days later (Table 3.46).

3.5.6.2 Oral Streptococci

3.5.6.2.1 Isolation Frequen cy

The streptococcal species isolated from the control group were S. mitis, S. oralis,

S. salivarius, S. vestibularis, S. sanguis, S. parasanguis, S. gordonii, S. intermedius,

S. anginosus, S. constellatus, S. mutans and S. sobrinus. There was no significant 

difference in the isolation fi*equency of each streptococcal species between baseline 

visit and 90 days later (Table 3.46). The most fi’equently isolated species were

S. mitis and S. oralis. There was also no significant difference between the two visits 

in the mean number of the streptococcal species isolated (Table 3.47).

3.5.6.2.2 Total Streptococcal Count as a Percentage o f  the Total Anaerobic Count

There was no significant difference in the total streptococcal count as a percentage o f 

the total anaerobic count between baseline and 90 days later (Table 3.48).

3.5.6.2.3 Each Streptococcal Species as a Percentage o f  the Total Streptococcal Count

There was no significant difference between baseline and 90 days later with regards 

to the proportion o f each streptococcal species as a percentage o f the total 

streptococcal count (Table 3.49).
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3.5.6.2.4 Each Streptococcal Species as a Percentage o f  the Total Anaerobic Count

There was no significant difference in the proportion o f each streptococcal species as 

a percentage o f the total anaerobic count between baseline and the end o f the study 

(Table 3.50).

3.5,63 Candida Species

There was no significant difference in the total count o f Candida species as a 

percentage o f the total anaerobic count between the two visits. C. albicans was the 

only species o f Candida that was identified in the control children (Table 3.46).

3.5.6.4 Enterobacteriaceae andEnterococci

Enterobacteriaceae and Enterococci were not isolated in control children at either 

visit.

3.5.6.5 Lactobacilli

There was no significant difference in the total count o f lactobacilli. There was also 

no significant difference in the proportion o f lactobacilli as a percentage of the total 

anaerobic count between the two visits (Table 3.46).

3.5.6.6 Summary o f  the Microbiological Findings in the Control Group between 

the Two Visits

The children included in this study as matched controls for the RT children showed a 

stable oral microflora during the 90 days of the study. The findings were as follows:

1. There was no significant difference in the total aerobic or anaerobic bacterial 

counts in the control children between baseline and 90 days later.

2. There was no significant difference in the isolation fi*equency o f the streptococcal 

species between the baseline visit and 90 days later.

3. The most frequently isolated streptococcal species were S. mitis and S. oralis.

4. The mean number of the streptococcal species isolated was not significantly 

different between the two visits.
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5. There was no significant difference in the proportion o f each streptococcal 

species as a percentage o f the total streptococcal count or as a percentage of the 

total anaerobic count between baseline and the end o f the study.

6. There was no significant difference in the total count C  albicans or lactobacilli 

between the two visits.

7. No Enterobacteriaceae and enterococci were isolated in control children at either 

visit.
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Table 3.46: Total viable counts as colony forming units per ml (logio value) : 
control group at baseline (VI) and 90 days later (V3) (study 3)

Control Group VI in = 24) Control Group V3 (n = 24) P
Species % Mean sd Median Min - Max % Mean sd Median Min - Max

S, mitis 66 4.2 3.1 5.6 0 - 8 .0 71 4.4 3.0 5.5 0 - 7 .8 ns
S. oralis 62 3.7 3.0 5.2 0 - 7 .7 66 3.9 2.9 5.2 0 - 7 .9 ns
S. salivarius 38 2.1 2.7 0 0 -7 .1 42 2.3 2.8 0 0 -6 .1 ns
S. vestibularis 4.2 0.3 1.2 0 0 - 5 .8 4.2 0.2 1.2 0 0 - 5 .6 ns
S. sanguis 25 2.5 3.0 0 0 - 6 .8 46 2.7 3.0 0 0 - 6 .9 ns
S. parasanguis 46 2.8 3.1 0 0 - 7 .0 50 2.9 3.0 2.5 0 — 6.6 ns
S. gordonii 8.3 0.5 1.7 0 0 - 5 .9 4.2 0.7 1.8 0 0 - 5 .7 ns
S. anginosus 8.3 0.6 2.1 0 0 - 7 .6 8.3 0.5 1.8 0 0 - 6 .5 ns
S. intermedius 4.2 0.3 1.2 0 0 -6 .1 4.2 0.3 1.3 0 0 - 6 .5 ns
S. constellatus 4.2 0.3 1.2 0 0 - 5 .8 8.3 0.5 1.6 0 0 - 5 .5 ns
S. sobrinus nd nd nd nd nd 4.2 0.3 1.3 0 0 - 6 .5 ns
S. mutans 79 3.5 2.0 3.7 0 - 6 .9 83 3.3 2.0 3.8 0 - 7 .0 ns
Candida species 38 1.2 1.5 0 0 - 3 .5 38 1.1 1.5 0 0 - 3 .7 ns
Lactobacilli 54 1.6 1.6 1.8 0 - 4 .3 50 1.6 1.7 1.1 0 - 4 .2 ns
Aerobic Count 100 7.6 0.4 7.4 7 .1 -8 .5 100 7.6 0.4 7.6 7 .2 -8 .5 ns
Anaerobic Count 100 7.7 0.4 7.6 7 .1 -8 .4 100 7.7 0.4 7.6 7 .0 -8 .4 ns
% = percentage of children
p: statistical significance; ns: no significant difference; nd: not detected



Table 3.47: Mean number o f streptococcal species :
control group at baseline (VI) and 90 days later (V3) (study 3)

Control Group (n = 24) VI Control Group (n = 24 V3 P
Mean sd Median Min - Max Mean sd Median Min - Max

3.1 1.2 3.0 2.0-6.0 3.4 1.2 3.0 2.0-6.0 ns
ns = no significant difference

Table 3.48: Total streptococcal count as a percentage o f the total anaerobic count : 
control group at baseline (VI) and 90 days later (V3) (study 3)

Control Group (n = 24) VI Control Group (n = 24) V3 P
Mean sd Median Min - Max Mean sd Median Min - Max
25.9 37.1 8.3 0.2-100 20.4 36.5 6.3 0.3-100 ns

ns = no significant difference
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Table 3.49: Proportion o f each streptococcal species as a percentage o f the total streptococcal count :
control group at baseline (VI) and 90 days later (V3) (study 3)

Control Group (n = 24) VI Control Group (n = 24) V3 P
Species Mean sd Median Min - Max Mean sd Median Min - Max

S, mitis 32.7 33.1 23.2 0 -9 1 .7 34.6 29.0 42.1 0 -  79.2 ns
S. oralis 18.6 25.5 9.2 0 -9 8 .5 19.3 26.5 10.8 0 - 9 8 ns
S. salivarius 9.2 22.2 0 0 -  89.4 6.2 11.4 0 0 - 4 0 ns
S. vestibularis 0.3 1.4 0 0 - 7 .0 1.3 9.1 0 0 - 44.5 ns
S. sanguis 10.4 18.7 0 0 -6 9 .8 12.9 24.5 0 0 -  92.4 ns
S, parasanguis 16.7 27.1 0 0 -1 0 0 10.3 19 0.5 0 -8 6 .2 ns
S. gordonii 1.0 3.7 0 0 -1 6 .7 0.4 1.3 0 0 - 5 .7 ns
S. anginosus 3.6 13.3 0 0 -6 2 .0 3.1 11.5 0 0 -5 3 .3 ns
S. intermedius 1.6 7.7 0 0 -3 7 .5 0.9 4.5 0 0 -2 1 .9 ns
S. constellatus 1.8 8.9 0 0 -4 3 .5 2.6 12.2 0 0 -  60 ns
S, mutans 4.2 15.5 0 0 - 7 5 7.4 21.7 0 0 -  94.8 ns
S. sobrinus nd nd nd nd 0.6 2.8 0 0 -1 3 .4 ns
p: statistical significance; ns: no significant difference; nd: not detectec
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Table 3.50: Proportion o f each streptococcal species as a percentage o f the total anaerobic count :
control group at baseline (VI) and 90 days later (V3) (study 3)

Control Group (n = 24) VI Control Group (n = 24) V3 P
Species Mean sd Median Min - Max Mean sd Median Min - Max

S. mitis 9.9 15.9 1.3 0 -5 9 .7 5.8 9.0 0.8 0 -2 6 .7 ns
S. oralis 7.4 5.0 0.5 0 -2 0 .3 9.7 7.0 0.3 0 -2 9 .9 ns
S. salivarius 0.4 1.0 0 0 - 5 .0 0.4 1.0 0 0 - 4 .9 ns
S. vestibularis 0.02 0.07 0 0 -0 .3 4 0.05 0.3 0 0 - 1 .3 ns
S. sanguis 1.8 4.0 0 0 -1 7 .9 1.4 4.3 0 0 -2 1 .3 ns
S. parasanguis 2.7 7.1 0 0 -3 2 .7 1.7 4.3 0.09 0 - 2 0 ns
S. gordonii 0.04 0.2 0 0 - 0 .6 0.09 0.4 0 0 - 1 .7 ns
S. anginosus 3.2 12.6 0 0 -6 0 0.4 1.7 0 0 - 8 .3 ns
S, intermedius 0.2 1.0 0 0 - 5 .0 0.2 0.8 0 0 - 3 .7 ns
S. constellatus 0.06 0.3 0 0 - 1 .5 0.05 0.2 0 0 - 0 .8 ns
S. mutans 0.1 0.3 0 0 -1 .1 0.5 1.2 0 0 - 4 .5 ns
S. sobrinus nd nd nd nd 0.1 0.6 0 0 - 3 .0 ns
p: statistical significance; ns: no significant difference; nd: not detectec
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3.5.7 Microbiological Findings in the RT Group

The microbiological findings in the RT children at the three visits (baseline, within 2 

days of transplantation and 90 days post - transplantation) were as follows:

3.5.7.1 Total Viable Counts

There was no significant difference in the total aerobicor anaerobic counts or the 

number o f species isolated from the RT children between the three visits 

(Table 3.51).

3.5.7.2 Oral Streptococci

3.5.7.2.1 Isolation Frequency

In the RT children the streptococcal species isolated were S. mitis, S. oralis,

S. salivarius, S. vestibularis, S. sanguis, S. parasanguis, S. gordonii, S. intermedius,

S. constellatus, S. mutans and S. sobrinus. There was no significant difference in the 

isolation frequency o f each streptococcal species between the baseline visit, within 2 

days o f transplantation and 90 days post -  transplantation, except for S. mutans, which 

was significantly more frequently isolated at the final visit than at baseline {p = 0.04) 

(Table 3.52). The most frequently isolated streptococcal species were S. mitis and

S. oralis. There was also no significant difference between the three visits in the mean 

number o f the streptococcal species isolated (Table 3.53).

3.5.7.2.2 Total Streptococcal Count as a Percentage o f  the Total Anaerobic Count

The total streptococcal count as a percentage o f the total anaerobic count decreased 

between baseline and the final visit but no statistical difference was found between 

the three visits (Table 3.54).

3.5.7.2.3 Each Streptococcal Species as a Percentage o f  the Total Anaerobic 

Count

There were no significant differences in the proportion o f each streptococcal species 

as a percentage o f the total anaerobic count in the RT children at the three visits 

except for S. parasanguis which was significantly less 90 days post -  transplantation 

compared with 2 days post - transplantation (p = 0.05) (Table 3.55).
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Table 3.51: Total viable counts as colony forming unit per ml (logio value) :
RT at baseline (VI), within 2 days o f transplantation (V2) and 90 days later (V3) (study 3)

RT Group VI (n = 24) RT<^roup V2 (n = 24) RT Group V3 (n = 24)
Mean sd Median Min - Max Mean sd Median Min - Max P

vl& v2
Mean sd Median Min -Max P

vl& v3
S. mitis 4.7 3.1 6.4 0 - 8 .0 5.1 2.7 6.3 0 - 7 .4 ns 3.4 3.2 4.7 0 - 8 .0 ns
S. oralis 3.6 3.1 5.5 0 - 6 .8 3.8 3.1 5.5 0 - 7 .0 ns 2.6 3.0 7.6 0 - 7 .6 ns
S. salivarius 1.8 3.0 0 0 - 7 .2 1.2 2.4 0 0 - 6 .3 ns 2.9 3.0 2.5 0 -7 .3 ns
S. vestibularis 0.2 1.1 0 0 - 5 .3 nd nd nd nd ns nd nd nd nd ns
S. sanguis 2.7 3.2 0 0 - 7 .2 3.1 3.4 0 0 - 7 .5 ns 2.7 3.2 0 0 - 7 .9 ns
S. parasanguis 2.0 3.2 0 0 - 7 .3 1.9 3.0 0 0 -7 .1 ns 1.0 2.3 0 0 - 7 .0 ns
S. gordonii 1.1 2.6 0 0 - 7 .7 0.8 2.0 0 0 - 7 .0 ns 0.5 1.8 0 0 - 7 .0 ns
S. intermedius 0.3 1.4 0 0 - 6 .9 nd nd nd nd ns 0.3 1.3 0 0 - 6 .3 ns
S. constellatus 0.3 1.5 0 0 - 7 .3 0.2 1.0 0 0 - 5 .0 ns 0.2 1.1 0 0 - 5 .2 ns
S. sobrinus nd nd nd nd nd nd nd nd ns 0.3 1.3 0 0 - 6 .3 ns
S. mutans 0.7 1.7 0 0 - 5 .4 0.7 1.8 0 0 - 6 .3 ns 1.8 2.0 1.0 0 - 5 .6 ns
Candida species 0.7 0.3 0 0 - 1 .6 0.1 0.6 0 0 - 2 .9 ns 0.4 0.9 0 0 - 2 .9 ns
Lactobacilli 0.4 0.9 0 0 - 2 .7 0.4 1.1 0 0 - 3 .3 ns 0.7 1.4 0 0 - 4 .0 ns
Aerobic Count 7.7 0.5 7.9 6 .9 -8 .4 7.6 0.5 7.6 6.7 -  8.4 ns 7.7 0.4 7.5 7 .2 -8 .6 ns
Anaerobic Count 7.9 0.5 8.0 7 .0 -8 .5 7.6 0.5 8.0 6.8 -8.3 ns 7.8 0.5 7.9 7 .3 -7 .9 ns
p\ statistical significance; ns: no significance; nd: not detected
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Table 3.52: Isolation frequency (%) o f the detected bacteria : 
RT group at baseline (VI), within 2 days (V2)

RT Group (n = 24) VI
%

V2
%

P
V1&V2

V3
%

P
V1&V3

S. mitis 71 79 ns 54 ns
S. oralis 58 62 ns 46 ns
S. salivarius 29 21 ns 4.2 ns
S. vestibularis 4.2 nd ns nd ns
S. sanguis 29 29 ns 46 ns
S. parasanguis 29 29 ns 17 ns
S. gordonii 17 13 ns 8.3 ns
S, intermedius 4.2 0 ns 4.2 ns
S, constellatus 4.2 4.2 ns 4.2 ns
S, sobrinus nd nd ns 4.2 ns
S. mutans 8.3 8.3 ns 41.7 0.04
Candida species 4.2 4.2 ns 13 ns
Lactobacilli 16 13 ns 21 ns
Aerobic Count 100 100 ns 100 ns
Anaerobic Count 100 100 ns 100 ns

p: statistical significance; ns: not significant
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Table 3.53: Mean number o f streptococcal species :
RT group at baseline (VI), within 2 days o f transplantation (V2) and 90 days later (V3) (study 3)

RT Group (n = 24) VI RT Group (n = 24) V2 RT Group (n = 24) V3
Mean sd Median Min-Max Mean sd Median Min-Max P

V1&V2
Mean sd Median Min-Max P

V1&V2
2.8 0.7 3.0 2.0-5.0 2.8 0.9 3.0 1.0-4.0 ns 2.6 0.7 2.5 2.0-4.0 ns

p\ statistical significance; ns: no significant difference

Table 3.54: Total streptococcal count as a percentage o f the total anaerobic count :
RT group at baseline (VI), within 2 days o f transplantation (V2) and 90 days later (V3) (study 3)

RT Group (n = 24) VI RT Group (n = 24) V2 RT Group (n = 24) V3
Mean sd Median Min-Max Mean sd Median Min-Max P

V1&V2
Mean sd Median Min-Max P

V1&V2
52.2 46.3 13.8 0.2-100 36.5 45.5 23.5 0.3-100 ns 20.7 37.2 3.5 0.2-100 ns

p: statistical significance; ns: no significant difference



Table 3.55: Proportion of each streptococcal species as a percentage of the total anaerobic count :
RT group at baseline (VI), within 2 days of transplantation (V2) and 90 days later (V3) (study 3)

RT G roup V I (n = 24) RT<jro u p  V2 (n = 24) RT G roup V3 (n = 24)
Mean sd Median Min - Max Mean sd Median Min - Max P

V1& V2
Mean sd Median Min - Max P

V1& V3
S. mitis 10.7 16.7 3.1 0 -6 3 .5 12.1 22.6 2.8 0 -8 8 .2 ns 9.7 10.5 0.3 0 -3 5 .7 ns
S. oralis 4.6 8.5 0.5 0 -3 2 .6 4.7 11.9 0.9 0 -5 8 .3 ns 5.0 16.6 0 0 -7 5 .0 ns
S. salivarius 3.1 8.0 0 0 -3 0 .7 0.9 3.4 0 0 -1 6 .7 ns 2.6 5.8 0.3 0 -2 1 .4 ns
S. vestibularis 0.03 0.1 0 0 - 0 .6 nd nd nd nd ns nd nd nd nd ns
S. sanguis 2.3 4.9 0 0 -2 0 .4 2.8 12.9 0 0 -4 5 .5 ns 2.0 4.3 0 0 -1 5 .0 ns
S. parasanguis 6.9 20.2 0 0 -8 3 .3 5.0 18.0 0 0 -8 8 .3 ns 0.3 1.0 0 0 - 5 .0 ns
S. gordonii 3.9 13.8 0 0 -  62.6 1.1 3.8 0 0 -1 7 .4 ns 0.2 0.9 0 0 - 4 .4 ns
S. intermedius 0.1 0.6 0 0 - 2 .7 nd nd nd nd ns 0.5 2.4 0 0 -1 1 .8 ns
S. constellatus 0.6 2.8 0 0 -1 3 .8 0.04 0.02 0 0 -0 .1 ns 0.01 0.05 0 0 - 0 .3 ns
S. mutans 0.03 0.1 0 0 - 0 .6 0.6 2.0 0 0 -8 .1 ns 0.3 0.7 0 0 - 2 .9 ns
S. sobrinus nd nd nd nd nd nd nd nd ns 0.1 0.7 0 0 - 3 .2 ns

p\ statistical significance; ns: no significant difference; nd: not detected



Table 3.56: Proportion o f each streptococcal species as a percentage of the total streptococcal count :
RT group at baseline (VI), within 2 days o f transplantation (V2) and 90 days later (V3) (study 3)

RT G roup VI (n = 24) RT Group V2 (n = 24) RT G roup V3 (n = 24)
Mean sd Median Min - Max Mean sd Median Min - Max P

V1& V2
Mean sd Median Min - Max P

V1& V3
S. mitis 31.9 30.3 23.7 0 -  92.8 42.7 35.0 37.6 0 -1 0 0 ns 25.1 30.0 7.8 0 -8 5 .4 ns
S. oralis 19.9 30.9 5.1 0 - 1 0 0 19.6 25.7 6.8 0 -1 0 0 ns 15.5 22.0 0 0 -  66.7 ns
S, salivarius 7.4 15.2 0 0 - 5 0 2.1 5.4 0 0 -2 1 .1 ns 24.1 1.2 32.4 0 -1 0 0 0.005
S. vestibularis 1.1 5.1 0 0 - 2 5 nd nd nd nd ns nd nd nd nd ns
S. sanguis 21.2 31.8 0 0 -9 4 .1 22.4 31.6 0 0 -1 0 0 ns 21.1 29.2 0 0 - 1 0 0 ns
S. parasanguis 8.5 17.2 0 0 -5 8 .8 6.7 13.3 0 0 - 5 0 ns 2.1 5.8 0 0 -2 3 .5 ns
S. gordonii 6.0 18.3 0 0 -8 3 .6 3.5 11.2 0 0 -4 9 .1 ns 6.1 21.4 0 0 -9 1 .4 ns
S. intermedius 2.2 10.9 0 0 -5 3 .3 nd nd nd nd ns 1.4 6.8 0 0 -3 3 .3 ns
S. constellatus 1.8 8.8 0 0 -4 3 .3 0.02 0.9 0 0 - 0 .4 ns 0.3 1.5 0 0 -7 .1 ns
S, mutans 0.8 0.3 0 0 - 1 .5 3.0 13.8 0 0 -6 7 .8 ns 0.6 2.0 0 0 - 9 .5 ns
S, sobrinus nd nd nd nd nd nd nd nd na 3.7 18.1 0 0 -8 8 .5 ns
p\ statistical significance; ns: no significant difference; nd: not detected
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3.5.7.2.4 Each Streptococcal Species as a Percentage o f  the Total Streptococcal Count

There were no significant differences between the three visits with regards to each 

streptococcal species as a percentage o f the total streptococcal count except for the 

proportion o f S. salivarius. This was significantly greater 90 days post - 

transplantation compared with baseline and 2 days post -  transplantation (p = 0.005 

andp  = 0.008 respectively) (Table 3.56).

3.5.7.3 Candida Species

There was no significant difference in the total count o f Candida species between the 

3 visits. C. albicans was the only species o f Candida identified from the RT children 

(Table 3.51).

3.5.7.4 Enterobacteriaceae and Enterococci

E. casseliflavus (4400 cfli/ml) was isolated from one RT child 2 days post -  

transplantation. Enterobacteriaceae was not isolated from RT children at any of the 

3 visits.

3.5.7.5 Lactobacilli

There was no significant difference in the total count o f lactobacilli or the proportion 

o f lactobacilli as a percentage of the total anaerobic count between the three visits 

(Table 3.51).

3.5.7.6 Summary o f  the Microbiological Findings between the three visits o f  the R T Group

1. There was no significant difference in the total aerobic or anaerobic bacterial 

counts between the three visits.

2. S. mutans was isolated more frequently at the final visit.

3. The most frequently isolated streptococcal species were S. mitis and S. oralis.

4. The mean number o f the streptococcal species isolated was not significantly 

different between the three visits.

5. The proportion o f S. salivarius as a percentage o f the total streptococcal count 

was significantly greater 90 days post - transplantation compared with baseline 

and 2 days post -  transplantation.
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6. The proportion o f .S', parasanguis as a percentage o f the total anaerobic count was 

significantly less 90 days post -  transplantation compared with 2 days post - 

transplantation.

7. No Candida species were isolated.

8. One enterococcus {E. casseliflavus) was isolated firom one child two days 

post -  transplantation.

9. Enterobacteriaceae were not isolated at any of the 3 visits.

10. There was no significant difference in the total count o f lactobacilli between the 

three visits.

3.5.8 Comparison of the Microbiological Findings in the RT and Control Groups

3.5.8.1 Total Viable Counts

There was no significant difference in the total aerobic or anaerobic bacterial counts 

between the RT and control children.

3.5.8.2 Oral Streptococci

3.5.8.2.1 Isolation Frequen cy

There was a significantly greater isolation frequency of S. parasanguis in the control 

group compared with the RT group at the final visit {p = 0.02). There was a 

significantly greater S. mutans count in the control group at baseline {p = 0.0001) and 

90 days later {p = 0.02) compared with the RT group. There was a significantly 

greater mean number of the streptococcal species isolated from the control children 

at the final visit (p = 0.01) compared with the RT children.
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3.5.8.2.2 Total Streptococcal Count as a Percentage o f  the Total Anaerobic Count

The total streptococcal count as a percentage o f the total anaerobic count was not 

significantly different in the RT group compared with the control group.

3.5.8.2.3 Each Streptococcal Species as a Percentage o f  the Total Streptococcal Count

There was no significant difference between the two groups with regards to the 

proportion o f each streptococcal species as a percentage o f the total streptococcal 

count except for S. parasanguis, which was significantly greater in the control group 

at the final visit (p = 0.02).

3.5.8.2.4 Each Streptococcal Species as a Percentage o f  the Total Anaerobic Count

There was no significant difference in the proportion o f each streptococcal species as 

a percentage o f the total anaerobic count between the two groups, except for S. 

parasanguis, which was significantly greater in the control group at the final visit 

ip = 0.05).

3.5.8.3 Candida species

The isolation frequency o f Candida species was significantly less in the RT children 

at baseline (p = 0.008). There was a significantly lower C. albicans count in the RT 

children compared with the control children at baseline ip -  0.004).

3.5.8.4 Lactobacilli

The isolation frequency of lactobacilli was significantly lower in the RT children at 

baseline ip = 0.02). There was a significantly lower lactobacilli count in the RT 

group compared with the control children at baseline ip = 0.004) and 90 days later 

ip = 0.05).

3.5.8.5 Summary o f  the Microbiological Findings in the R T  Children 

Compared with the Matched Controls

1. There was no significant difference in the total aerobic or anaerobic bacterial 

counts between the RT and control children.
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2. S. parasanguis was isolated more frequently in the control group than the RT 

group at the final visit.

3. There was also a significantly greater mutans count in the control group at 

baseline and 90 days later compared with the RT group.

4. There was a significantly greater mean number o f streptococcal species isolated 

fi-om the control children at the final visit compared with the RT children.

5. The proportion of S. parasanguis as a percentage of the total streptococcal count 

and as a percentage of the total anaerobic count was significantly lower in the RT 

group at the final visit.

6. The C. albicans count was significantly lower in the RT children compared with 

the control children at baseline.

7. The lactobacilli count was significantly lower in the RT group compared with the 

control children.
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3.6 Changes in the Antibiotic Susceptibility of Streptococci isolated 

from the Renal Transplant Patients and Control Subjects

3.6.1 Type Strains

The MIC50, MIC90 and range for the type strains (S. mitis, S. mutans and S. salivarius) 

are shown in Table 3.56. The MIC50, M lC^and range for the control strains 

{Staphylococcus aureus and S. pneumoniae) are shown in Table 3.57.

3.6.2 Comparison of the MICs of Antibiotics to Streptococci

The MIC50, MIC90 and range values o f the 6 antibiotics for the streptococci isolated 

from the renal transplant group are shown in Table 3.58 and for those isolated from 

the control children are shown in Table 3.59.

3.6.2.1 Amoxicillin

There was no significant difference in the amoxicillin MICs for all the streptococci 

isolated from the RT children between the 3 visits. Similarly for the controls, there 

was no significant difference in the amoxicillin MICs for the streptococci between 

the two visits. Also there was no significant difference in the amoxicillin MICs for 

the streptococci between the RT group and the control group at baseline and final 

visit.

3.Ô.2.2 Clindamycin

There was no significant difference in the clindamycin MICs for the streptococci of 

the RT children between the 3 visits. Also, there was no significant difference in the 

clindamycin MICs for the streptococci between the two visits in the control group. 

Comparison of the clindamycin MICs for the streptococci o f the RT and the control 

children, showed no significant difference.
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3.6.2.3 Gentamicin

There was a significant difference in the gentamicin MICs for the streptococci.

These were significantly greater in the RT group at 2 days post - transplantation 

compared to baseline {p = 0.04). There was no significant difference in the 

gentamicin MICs for the streptococci isolated from the control group. Comparing 

the gentamicin MICs for the RT and controls showed no significant differences at 

baseline or the final visit.

3.6.2.4 Teicoplanin

There was no significant difference in the teicoplanin MICs for the streptococci 

isolates from the RT children between the 3 visits. There were significantly lower 

teicoplanin MICs at the final visit compared with baseline values in the control group 

(p = 0.02). The teicoplanin MICs for the streptococci isolated from the RT and the 

control children were not significantly different at baseline or at the final visit.

3.6.2.5 Vancomycin

There was no significant difference in the vancomycin MICs for the streptococci 

isolated from the RT children between the 3 visits. There was no significant 

difference in the vancomycin MICs for the streptococci isolates from the control 

group between the two visits. Also, there was no significant difference in the 

vancomycin MICs for streptococci between the RT group and the control group at 

baseline and the final visit.

3.6.2.6 Ciprofloxacin

There was no significant difference in the ciprofloxacin MICs for the streptococci 

isolated from the RT children between the 3 visits. Also there was no significant 

difference in the ciprofloxacin MICs for the streptococci isolated from the control 

group between the two visits. The ciprofloxacin MICs for the streptococci isolated 

from the RT and the control children were not significantly different at baseline or at 

the final visit.
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3,6.2.7 Proportions o f  Antibiotic Resistant Streptococci

The proportion of streptococci isolated from the RT group and control group, which 

were susceptible, o f intermediate susceptibility, and resistant to amoxicillin, 

clindamycin, vancomycin and ciprofloxacin are shown in Table 3.60 and Table 3.61.

There was no significant difference in the proportions o f isolates resistant to any of 

the four antibiotics between the three visits for the RT children and the two visits for 

the control children. Also, there was no significant difference in the proportion of 

isolates resistant to any o f the four antibiotics between the control and RT groups 

(Figure 3.2).

There were no significant changes in the proportions o f streptococci which were of 

intermediate susceptibility or fully susceptible to any o f the antibiotics in the RT 

children (between the 3 visits) and the control children (between baseline and the 

final visit). Also, no significant difference was found between the control group and 

the RT group at baseline and the final visit.
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Table 3.57: MIC50 and MIC90 (M̂g /ml) for S. mitis, S. salivarius and S. mutans type strains.

S. mitis (n = 3 ) S. salivarius (n = 3) S, mutans (n = 3)

MICso MIC90 min-max MICso MIC90 min-max MICso MIC90 min-max

Amoxicillin 0.032 0.064 0.032-0.064 0.094 0.25 0.094-0.25 0.032 0.094 0.032-0.94
Clindamycin 0.125 0.125 0.064-0.125 0.047 0.047 0.016-0.047 0.064 0.125 0.047-0.125
Gentamicin 3.0 3.0 3.0-3.0 0.25 1.5 0.25-1.5 3.0 3.0 0.25-3.0
Teicoplanin 0.032 0.75 0.032-0.75 0.38 0.38 0.25-0.38 0.032 0.38 0.032-0.38
Vancomycin 1.5 1.5 1.5-1.5 1.5 1.5 1.0-1.5 1.5 1.5 1.5-1.5
Ciprofloxacin 0.094 2 .0 0.094-2.0 0.094 0.75 0.094-0.75 0.094 2 .0 0.094-2.0

The type strains: S. mitis (12261), S. salivarius (NCTC 8618) and S. mutans (NCTC 10449),

Table 3.58: MIC50 and MlCgoCpg /ml) for Staphylococcus aureus and S. pneumoniae :

S, aureus (n = 6 ) S. pneumoniae (n = 6 )
MICso MIC90 min-max MICso MIC90 min-max

Amoxicillin 0.064 0.50 0.064-0.50 0.016 0.032 0.016-0.032
Clindamycin 0.125 0.25 0.016-0.25 0.016 0.016 0.016-0.16
Gentamicin 1.5 3.0 1.5-3.0 3.0 4.0 3.0-4.0
Teicoplanin &38 1.5 0.032-1.5 0.047 0.064 0.047-0.064
Vancomycin 1.5 3.0 1.5-3.0 0.25 0.25 0.25-0.25
Ciprofloxacin 0.25 0.75 0.094-0.75 0.25 0.25 0.19-0.25

The typre strains: Staphylococcus aureus (NCTC 6571) and S. pneumoniae (NCTC 7465)
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Table 3.59: In vitro activity o f the antibiotics against streptococci :

Antibiotics
Renal Transplant Group (Streptococci)

VI (n=25) V2 (n=22) P V3 (n=23) P
V1&V3

MICso MIC,o Min - Max MICso MICoo Min - Max V1&V2 MICso MICoo Min - Max

Amoxicillin 0.50 1.5 0.023-2.0 0.25 2.0 0.023-4.0 ns 0.125 4.8 0.032-6.0 ns
Clindamycin 0.094 104.2 0.016->256 0.094 2.0 0.023->256 ns 0.064 0.33 0.016-24.0 ns
Gentamicin 4.0 24.0 0.064-32.0 8.0 64.0 0.25-96.0 0.04 4.0 8.0 0.25-8.0 ns
Teicoplanin 0.094 1.0 0.023-3.0 0.19 1.5 0.094-48.0 ns 0.125 0.50 0.016-0.75 ns
Vancomycin 1.0 2.0 0.50-2.0 1.5 1.5 0.75-1.5 ns 1.0 1.5 0.50-3.0 ns
Ciprofloxacin 0.75 1.7 0.023-4.0 0.75 2.0 0.038-3.0 ns 0.75 2.0 0.094-2.0 ns

The p  value is the comparison between the MICs (p,g /ml) of each antibiotic.

Table 3.60: In vitro activity o f the antibiotics against streptococci :

Antibiotics
Control Group (Streptococci)

P
VI (n=15) V3 (n=15)

MICso MICoo Min - Max MICso MICpo Min - Max

Amoxicillin 0.094 0.75 0.016-1.0 0.38 0.96 0.047-1.0 ns
Clindamycin 0.064 0.11 0.023-0.125 0.064 >256 0.016->256 ns
Gentamicin 6.0 16.8 1.5-24.0 8.0 22.4 1.5-32.0 ns
Teicoplanin 0.38 0.85 0.047-1.0 0.094 0.75 0.047-0.75 0.02
Vancomycin 1.0 1.5 0.75-1.5 1.0 1.5 0.75-1.5 ns
Ciprofloxacin 0.75 1.7 0.38-2.0 0.50 5.3 0.25-12.0 ns

The p  value is the comparison between the MICs (pg /ml) o f each antibiotic.
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Table 3.61: Proportions of streptococci which were susceptible, of intermediate susceptibility and resistant to the range o f antibiotics tested :
RT group at baseline (VI), within 2 days post - transplantation (V2) and 90 days post - transplantation (V3), The p  value is for o f the 
resistant streptococci

Antibiotics
Renal Transplant Group (Streptococci)

VI (n=25) V2 (n=22)

p
V1&V2

V3 (n=23)
p

V1&V3
Susceptible

%
Intermediate

%
Resistant

%
Susceptible

%
Intermediate

%
Resistant

%
Susceptible

%
Intermediate

%
Resistant

%

Amoxicillin 48 52 0 50 50 0 ns 78.3 21.7 0 ns
Clindamycin 80 8 12 86.4 0 13.6 ns 95.7 0 4.3 ns
Vancomycin 52 0 48 40.9 0 59.1 ns 56.5 0 43.5 ns
Ciprofloxacin 96 4 0 95.5 4.5 0 ns 100 0 0 ns

p\ statistical significance

Table 3.62: Proportions o f streptococci control group which were susceptible, o f intermediate 
susceptibility and resistant to the range of antibiotics tested: 
control group at baseline (VI) and 90 days later (V3). The p  value is for of the 
resistant streptococci

Antibiotics
Control Group (Streptococci)

P
VI (n=15) V3 (n=15)

Susceptible

%
Intermediate

%
Resistant

%
Susceptible

%
Intermediate

%
Resistant

%

Am oxicillin 66.7 333 0 66.7 333 0 ns
Clindam ycin 100 0 0 86.7 0 13.3 ns
Vancom ycin 53.3 0 46.7 60 0 40 ns
Ciprofloxacin 100 0 0 93.7 0 6.3 ns

p\ statistical significance
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Figure 3.2: Percentages o f resistant streptococcal isolates in the renal transplant group 
(RT) and control group at baseline and at the final visit
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3.6.3 Comparison of the MICs of Antibiotics for S. mitis

The MICso, MIC90 and range values o f the six antibiotics for S. mitis isolated from the 

renal transplant group are presented in Table 3.63 and for the control children in 

Table 3.64.

5.6.3.1 Amoxicillin

There was no significant difference in the amoxicillin MICs for the S. mitis isolated 

from the RT group at the 3 visits. There was no significant difference in the MICs 

for S. mitis between baseline and the final visit. Also there was no significant 

difference in the amoxicillin MICs for the S. mitis isolates between the RT group and 

the control group at baseline and at the final visit.

3.6.3.2 Clindamycin

The clindamycin MICs for S. mitis were significantly greater in the RT children 2 

days post - transplant compared with baseline {p = 0.02). There was no significant 

difference in the clindamycin MICs for S. mitis between the two visits. Comparison 

of the MICs for S. mitis isolates from the RT and the control children showed no 

significant difference at baseline or the final visit.

3.6.3.3 Gentamicin

The gentamicin MICs for S. mitis were significantly greater at 2 days post - 

transplantation compared with baseline (p = 0.03). There was no significant 

difference o f the MICs for S. mitis isolated from the control group. Comparing the 

MICs against S. mitis isolated from the RT and controls, values were significantly 

greater in the control group at the final visit ip = 0.03).

3.6.3.4 Teicoplanin

The teicoplanin MICs for S. mitis were significantly greater in the RT children at 2 

days post - transplant compared with baseline ip = 0.01). There was no significant 

difference in the MICs for S. mitis in the control group between the two visits. The 

MICs for S. mitis in the RT and the control children were not significantly different 

at baseline or the final visit.
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3.6.3.5 Vancomycin

There was no significant difference in the vancomycin MICs for S. mitis in the RT 

children between the 3 visits. Similarly, there was no significant difference in the 

MICs for S. mitis in the control group between the two visits. Also, there was no 

significant difference in the MICs for S. mitis between the RT group and the control 

group at baseline and at the final visit.

3.6.3.6 Ciprofloxacin

There was no significant difference in the ciprofloxacin MICs for S. mitis isolates 

from the RT children between the 3 visits. In addition, there was no significant 

difference in the ciprofloxacin MICs for S. mitis isolated fi'om the control group 

between the two visits. The MICs for S. mitis in the RT and the control children were 

not significantly different at baseline or the final visit.

3.6.3.7  Proportions o f  Antibiotic - Resistant S. mitis

The proportions o f S. mitis in the RT group and control group, which were susceptible, 

o f intermediate susceptibility and resistant to the four antibiotics amoxicillin, 

clindamycin, vancomycin and ciprofloxacin, are shown in Table 3.65 and Table 3.66.

There was no significant difference in the proportions o f S. mitis resistant to any of 

the four antibiotics between the three visits in the RT children. Also there was no 

significant difference between the two visits in the control children. There was no 

significant difference in the proportion of S. mitis resistant to any of the four 

antibiotics between the control and RT groups (Figure 3.3).

There were no significant changes in the proportions o f S. mitis, which were of 

intermediate susceptibility and susceptible to any of the antibiotics, in the RT 

children (between the 3 visits) and the control children (between baseline and the 

final visit). Also, there was no significant difference between the control group and 

the RT group at baseline and the final visit.
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Table 3.63: In vitro activity of the antibiotics against S. mitis :

Antibiotics
Renal Transplant Group (JS. mitis)

VI (n=10) V2 (n=10) P
V1&V2

V3 (n=10) P
V1&V3

MICso MIC90 min-max MICso MIC90 min-max MICso MIC90 min-max

Amoxicillin 0.125 1 . 0 0.023-2.0 0.047 1.0 0.032-4.0 ns 0.094 3.0 0.032-6.0 ns
Clindamycin 0.047 0.094 0.023-0.094 0.094 0.125 0.032-0.125 0.02 0.064 0.094 0.032-0.094 ns
Gentamicin 3.0 24.0 0.50-32.0 12.0 64.0 3.0-96.0 0.03 4.0 4.0 1.0-6.0 ns
Teicoplanin 0.064 0.094 0.032-3.0 0.094 0.125 0.94-0.19 0.01 0.125 0.38 0.016-0.50 ns
Vancomycin 0.75 1.5 0.50-1.5 1.0 1.5 0.75-1.5 ns 1.0 1.5 0.50-1.5 ns
Ciprofloxacin 0.75 2.0 0.023-4.0 1.5 2.0 0.50-3.0 ns 0.75 2.0 0.50-2.0 ns

antibiotic.

Table 3.64: In vitro activity o f the antibiotics against S. mitis :

Antibiotics
Control Group {S, mitis)

Vl(n=5) V3 (n=5) P
V1&V3

MICso MIC90 min-max MICso MIC90 min-max

Amoxicillin 0.094 0.50 0.023-0.50 0.05 0.064 0.047-0.064 ns
Clindamycin 0.094 0.125 0.047-0.125 0.064 0.094 0.064-0.094 ns
Gentamicin 6.0 24.0 1.5-24.0 8.0 32.0 3.0-32.0 ns
Teicoplanin 0.094 0.125 0.047-0.125 0.094 0.094 0.047-0.094 ns
Vancomycin 1.0 1.5 0.75-1.5 1.0 1.0 0.75-1.0 ns
Ciprofloxacin 1.0 2.0 0.75-2.0 0.75 12.0 0.38-12.0 ns

The p  value is the comparison between the MICs (pg /ml) of each antibiotic.
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Table 3.65: Proportions of S. mitis which were susceptible, o f intermediate susceptibility and resistant to the range of antibiotics tested :
RT group at baseline (VI), 2 days post - transplantation (V2) and 90 days post - transplantation (V3). The p  value is for of the 
resistant S. mitis

Antibiotics
Renal Transplant Group (& mitis)

VI (n=10) V2 (n=10) V3 (n=10)
Susceptible Intermediate Resistant Susceptible Intermediate Resistant Susceptible Intermediate Resistant p

% % % % % %
p

V1&V2 % % % V1&V3

Amoxicillin 70 30 0 70 30 0 ns 60 40 0 ns
Clindamycin 100 0 0 100 0 0 ns 100 0 0 ns
Vancomycin 70 0 30 70 0 30 ns 80 0 20 ns
Ciprofloxacin 100 0 0 90 10 0 ns 100 0 0 ns

p: statistical significance

Table 3.66: Proportions o f S. mitis which were susceptible, o f intermediate susceptibility and resistant to the range o f antibiotics tested: 
control group at baseline (VI) and 90 days post - transplantation (V3). The p  value is for of the resistant S. mitis

Antibiotics
Control Group {S. mitis)

P
VI (n=5) V3 (n=5)

Susceptible

%
Intermediate

%
Resistant

%
Susceptible

%
Intermediate

%
Resistant

%

Am oxicillin 80 20 0 100 0 0 ns
Clindamycin 100 0 0 100 0 0 ns
Vancom ycin 80 0 20 100 0 0 ns
Ciprofloxacin 100 0 0 80 0 20 ns
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3.6.4 Comparison of the MICs of Antibiotics for S. salivarius

The MICso, MIC90 and range values o f the six antibiotics for S. salivarius isolates 

from the renal transplant group are presented in Table 3.67 and for the control 

children are presented in Table 3.68.

5.6.4.1 Amoxicillin

There was no significant difference in the amoxicillin MICs for the S. salivarius 

isolates from the RT children in the 3 visits. Similarly, there was no significant 

difference in the amoxicillin MICs for S. salivarius between baseline and the final 

visit in the control group. Also, there was no significant difference in the MICs for 

S. salivarius between the RT group and the control group at baseline and at the final 

visit.

3.6.4.2 Clindamycin

The clindamycin MICs for S. salivarius were significantly greater in the RT children 

2 days post - transplant compared to baseline {p = 0.02). There was no significant 

difference in the MICs for S. salivarius between the two visits in the control group. 

The MICs for S. salivarius were significantly greater in the RT group at the final 

visit compared with the controls(p = 0.05).

3.6.4.3 Gentamicin

There was no significant difference in the gentamicin MICs for S. salivarius at the 3 

visits. There was no significant difference in the MICs for S. salivarius isolates from 

the control group between the visits. Comparing the MICs for the S. salivarius 

isolates from the RT and controls showed no significant difference between the two 

groups of children at baseline and the final visit.
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3.6.4.4 Teicoplanin

There was no significant difference in the teicoplanin MICs for S. salivarius isolates 

from the RT group at the 3 visits. There was no significant difference in the MICs 

for S. salivarius isolates from the control group between the two visits. The MICs 

for S. salivarius were significantly greater in the control group at baseline compared 

with the RT group.

3.6.4.5 Vancomycin

There was no significant difference in the vancomycin MICs for S. salivarius isolates 

from the RT children between the 3 visits. There was no significant difference in the 

MICs for S. salivarius isolates from the control group between the two visits. Also, 

there was no significant difference in the MICs for 6". salivarius between the RT 

group and the control group at baseline and at the final visit.

3.6.4.6 Ciprofloxacin

There was no significant difference in the ciprofloxacin MICs for S. salivarius isolates 

from the RT children between the 3 visits. Similarly, there was no significant 

difference in the MICs for S. salivarius isolates from the control group between the 

two visits. The MICs for the S. salivarius isolates from the RT and the control 

children were not significantly different at baseline or the final visit.
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Table 3.67: In vitro activity o f the antibiotics against S. salivarius: RT children at the three visits, baseline (VI), within 2 days post - 
transplantation (V2) and 90 days post -  transplantation (V3).

Antibiotics
Renal Transplant Group (5. salivarius)

VI (n=10) V2 (n=7) P
V1&V2

V3 (n=8) P
V1&V3

MICso MICoo Min - Max MICso MICoo Min - Max MICso MICoo Min - Max

Amoxicillin 0.38 1.0 0.023-1.5 0.19 3.0 0.094-3.0 ns 0.125 6.0 0.032-6.0 ns
Clindamycin 0.094 0.75 0.016-3.0 0.094 2.0 0.023-2.0 ns 0.064 0.125 0.047-0.125 ns
Gentamicin 6.0 16.0 0.064-24.0 8.0 12.0 0.25-12.0 ns 6.0 12.0 0.25-12.0 ns
Teicoplanin 0.19 0.50 0.023-0.75 0.38 48.0 0.19-48.0 ns 0.19 0.50 0.047-0.50 ns
Vancomycin 1.0 1.5 0.75-1.5 1.5 1.5 1.0-1.5 ns 1.5 1.5 0.75-1.5 ns
Ciprofloxacin 1.0 1.5 0.094-1.5 0.75 1.5 0.094-1.5 ns 0.75 2.0 0.094-2.0 ns

The p  value is the comparison Detween the MICs (pg /ml) of each antibiotic.

Table 3.68: In vitro activity o f the antibiotics against S. salivarius :

Antibiotics
Control Group {S. salivarius)

VI (n=5) V2 (n=5) P
V1&V3MICso MIC,o Min - Max MICso MICoo Min - Max

Amoxicillin 0.19 1.0 0.064-1.0 0.75 1.0 0.064-1.0 ns
Clindamycin 0.064 0.064 0.032-0.064 0.032 0.125 0.032-0.125 ns
Gentamicin 8.0 8.0 6.0-8.0 8.0 12.0 8.0-12.0 ns
Teicoplanin 0.50 1.0 0.38-1.0 0.25 0.75 0.094-0.75 ns
Vancomycin 1.5 1.5 1.0-1.5 1.5 1.5 1.5-1.5 ns
Ciprofloxacin 0.50 1.5 0.38-1.5 0.50 0.75 0.50-0.75 ns

The p  value is the comparison between the MICs (pg /ml) of each antibiotic.
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3.6,4.7 Proportions o f  Antibiotic Resistant S. salivarius

The proportion o f S. salivarius in the RT group and control group, which were 

susceptible, o f intermediate susceptibility and resistant to the four antibiotics 

amoxicillin, clindamycin, vancomycin and ciprofloxacin, are shown in Table 3.69 

and Table 3.70.

There was no significant difference in the proportions o f S. salivarius resistant to any 

of the four antibiotics between the three visits for the RT children. Also there was no 

significant difference between the two visits for the control children. There was no 

significant difference in the proportion o f S. salivarius resistant to any of the four 

antibiotics between the control group and the RT group.

There were no significant difference in the proportion o f S. salivarius, which were o f 

intermediate susceptibility or susceptible to any of the antibiotics, in the RT children 

(between the 3 visits) and the control children (between baseline and the final visit). 

Also there was no significant difference in the proportion o f isolates which were of 

intermediate susceptibility or susceptible between the control group and the RT 

group at baseline and the final visit.
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Table 3.69: Proportions of S. salivarius which were susceptible, of intermediate susceptibility and resistant to the range o f antibiotics tested:
RT group at baseline (VI), within 2 days post - transplantation (V2) and 90 days post - transplantation (V3). The p  value is for the 
resistant S. salivarius

Antibiotics
Renal Transplant Group {S. salivarius)

VI (n=10) V2 (n=7)

P
V1&V2

V3 (n=8)

p
Vl«& V3

Susceptible

%
Intermediate

%
Resistant

%
Susceptible

%
Intermediate

%
Resistant

%
Susceptible

%
Intermediate

%
Resistant

%
Amoxicillin 40 60 0 57.1 42.9 0 ns 75 25 0 ns
Clindamycin 80 20 0 85.7 0 14.3 ns 100 0 0 ns
Vancomycin 60 40 0 100 0 0 ns 37.5 62.5 0 ns
Ciprofloxacin 100 0 0 100 0 0 ns 100 0 0 ns

p: statistical significance

Table 3.70: Proportions o f S. salivarius which were susceptible, o f intermediate susceptibility and resistant to the range antibiotics tested:

Antibiotics
Control Group {S. salivarius)

p
VI (n=5) V3 (n=5)

Susceptible

%
Intermediate

%
Resistant

%
Susceptible

%
Intermediate

%
Resistant

%

Amoxicillin 80 20 0 20 80 0 ns
Clindamycin 100 0 0 100 0 0 ns
Vancomycin 20 80 0 100 0 0 ns
Ciprofloxacin 100 0 0 100 0 0 ns

p: statistical significance



3.6.5 Comparison of the MICs of Antibiotics for S. mutans

The MICso, MIC90 and range values o f the six antibiotics for S. mutans isolated from 

the renal transplant group are presented in Table 3.71 and for the control children are 

presented in Table 3.72.

3.6.5.1 Amoxicillin

The amoxicillin MICs for S. mutans isolates from the RT children were significantly 

greater at 2 days post - transplant compared with the final visit {p = 0.01). Similarly, 

the MICs for S. mutans were significantly greater at the final visit than at baseline 

{p = 0.01). Also, the MICs for S. mutans were significantly greater in the RT group 

compared with the control group at baseline (p -  0.01).

3.6.5.2 Clindamycin

There was no significant difference in the clindamycin MICs for the S. mutans 

isolates from the RT group at the 3 visits or for the control group at the 2 visits. The 

MIC values for S. mutans were significantly greater in the RT group compared with 

the control group at baseline only (p = 0.01).

3.6.5.3 Gentamicin

There was no significant difference in the gentamicin MICs for S. mutans at the 3 

visitss.. There was no significant difference in the MICs for S. mutans isolates from 

the control group between the visits. Comparing the MICs for the S. mutans isolates 

from the RT children and the controls also showed no significant difference between 

the two groups at baseline and at the final visit.

3.6.5.4 Teicoplanin

There was no significant difference in the teicoplanin MICs for the S. mutans isolates 

from the RT group at the 3 visits. There was no significant difference in the MICs 

for S. mutans isolated from the control and the RT groups at baseline and at the final 

visit.
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3.6.5.5 Vancomycin

There was no significant difference in the vancomycin MICs for S. mutans isolates 

fi*om the RT children between the 3 visits. There was no significant difference in the 

MICs for S. mutans isolates firom the control group between the two visits. The 

MICs for S. mutans were significantly greater in the RT group compared with those 

in the control group at baseline {p = 0.02).

3.6.5.7 Ciprofloxacin

There was no significant difference in the ciprofloxacin MICs for the S. mutans 

isolates from the RT children between the 3 visits. Similarly, there was no 

significant difference in the MICs for S. mutans in the control group between the two 

visits. The MICs for the S. mutans isolates were not significantly different between 

the 2 groups at baseline or at the final visit.

169



Table 3.71: In vitro activity o f the antibiotics against S. mutans:

Antibiotics
Renal Transplant Group {S. mutans)

VI (n=5) V2 (n=5) P
V1&V2

V3 (n=5) P
V1&V3

MICso MICoo min-max MICso MICoo min-max MICso MICoo min-max

Amoxicillin 1.0 1.5 0.75-1.5 0.75 1.0 0.50-1.0 ns 0.064 0.50 0.032-0.50 0.01
Clindamycin 0.19 >256 0.125->256 0.19 >256 0.125->256 ns 0.047 24.0 0.016-24.0 ns
Gentamicin 4.0 12.0 3.0-12.0 3.0 12.0 0.3-12.0 ns 3.0 8.0 0.50-8.0 ns
Teicoplanin 1.0 1.0 0.094-1.0 1.5 4.0 0.125-4.0 ns 0.50 0.75 0.125-0.75 ns
Vancomycin 2.0 2.0 1.5-2.0 1.5 1.5 0.75-1.5 ns 1.5 3.0 1.0-3.0 ns
Ciprofloxacin 0.50 1.0 0.094-1.0 0.50 0.75 0.038-0.75 ns 1.0 1.5 0.25-1.5 ns

The p  value is the comparison between the M Cs (pg /ml) of each antibiotic.

Table 3.72: In vitro activity o f the antibiotics against S. mutans :

Antibiotics
Control Grou 1 (S. mutans)

VI (n=5) V3 (n=5) P
V1&V2MICso MIC90 Min - Max MICso MIC90 Min - Max

Amoxicillin 0.094 0.125 0.016-0.125 0.38 0.094 0.25-0.94 0.01
Clindamycin 0.047 0.094 0.032-0.094 0.047 >256 0.016->256 ns
Gentamicin 4.0 8.0 4.0-8.0 3.0 12.0 1.5-12.0 ns
Teicoplanin 038 0.50 0.094-0.50 0.094 0.50 0.047-0.50 ns
Vancomycin 1.0 1.5 0.75-1.5 1.0 1.5 0.75-1.5 ns
Ciprofloxacin 0.75 0.75 0.38-0.75 0.38 0.75 0.25-0.75 ns

The p  value is the comparison between the MICs (pg /ml) of each antibiotic
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3.6,5,8 Proportions o f Antibiotic Resistant S. mutans

The proportions o f S. mutans in the RT group and control group, which were 

susceptible, o f intermediate susceptibility and resistant to the four antibiotics 

amoxicillin, clindamycin, vancomycin and ciprofloxacin, are shown in Table 3.73 

and Table 3.74.

There was no significant difference in the proportions o f S. mutans resistant to any of 

the four antibiotics between the three visits for the RT children or between the two 

visits for the control children. There was no significant difference in the proportion 

o f S. mutans resistant to any of the four antibiotics between the control group and RT 

group (Figure 3.4).

There were no significant difference in the proportions o f S. mutans, which were of 

intermediate susceptibility or susceptible to any o f the antibiotics, between the 3 

visits o f the RT children and between baseline and the final visit o f the control group. 

Also, there was no significant difference in the proportions o f intermediately 

susceptible or susceptible isolates of S. mutans between the control group and the RT 

group at baseline and at the final visit.
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Table 3.73: Proportions of S. mutans which were susceptible, o f intermediate susceptibility and resistant to the range of antibiotics tested: 
RT group at baseline (VI), 2 days post - transplantation (V2) and 90 days post - transplantation (V3). The p  value is for the 
resistant S', mutans

Antibiotics
Renal Transplant Group {S. mutans)

VI (n=5) V2 (n=5) V3 (n=5)
Susceptible Intermediate Resistant Susceptible Intermediate Resistant n Susceptible Intermediate Resistant p

% % % % % % F
vl&v2 % % % vl&v3

Amoxicillin 100 0 0 100 100 0 ns 100 0 0 ns
Clindamycin 60 0 40 60 0 40 ns 80 0 20 ns
Vancomycin 0 0 100 20 0 80 ns 40 0 60 ns
Ciprofloxacin 100 0 0 100 0 0 ns 100 0 0 ns

p\ statistical significance

Table 3.74: Proportions of S. mutans which were susceptible, o f intermediate susceptibility and resistant to the range o f antibiotics tested:

Antibiotics
Control Group {S. mutans)

P
VI (n=5) V3 (n=5)

Susceptible

%
Intermediate

%
Resistant

%
Susceptible

%
Intermediate

%
Resistant

%

Amoxicillin 100 0 0 100 0 0 ns
Clindamycin 100 0 0 60 0 40 ns
Vancomycin 80 0 20 80 0 20 ns
Ciprofloxacin 100 0 0 100 0 0 ns

p\ statistical significance
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Figure 3.4: Percentages o f resistant S. mutans isolates in the renal transplant group (RT) and 
control group at baseline and at the final visit.
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CHAPTER 4

4. DISCUSSION AND CONCLUSIONS 

4.1 Dental Health in the Chronic Renal Failure Children

4.1.1 Dental Indices

Dental Caries

In the current study the children in the CRF group had lower caries prevalence than 

their matched controls. The mean dmft (1.0) and DMFT (2.7) values for the CRF group 

were lower than the values obtained for the control group (3.8 and 3.9 respectively). 

Previous studies on children with CRF showed similar results o f low caries prevalence 

(Jaffe et al. 1986; Nunn et al. 2000). Interestingly, in other studies o f chronically sick 

children, the mean dmft values were greater than the dmft o f the children with CRF in 

this study. For instance, in 60 children with congenital heart disease (dmft = 3.9) 

(Franco et al. 1996), 100 asthmatic children (dmft = 2.74) (McDerra et al. 1998) and 

147 HIV children (dmft = 3.8) (Madigan et al. 1996) the dmft values were markedly 

higher than those seen in this study.

When comparing the dmft and DMFT figures in both the CRF and control groups with 

the dmft for five -  year - olds (mean = 1.68) and the DMFT for 14 -  year - olds (mean = 

1.76) in the United Kingdom, reported in the Dental Health Surveys (Pitts et al. 1999; 

Pitts et al. 2000), the control children in this study showed considerably more decay.

The low caries prevalence in the children with CRF is possibly attributed to the high 

salivary urea levels and low prevalence of S. mutans in this group, as confirmed in the 

second part o f this project (Study 2), which investigated the saliva o f 25 children with 

CRF. It is well established that the administration of sugar - containing liquid 

medicines contributes to a higher incidence o f caries in chronically sick children 

(Roberts and Roberts, 1981; Maguire et al. 1996). In the present study, the children
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with CRF had a high intake of medicines and a low prevalence o f caries. Hence, the 

presence o f high urea levels in saliva may explain the low caries in these children.

Dental Plaque and Gingivitis

There was a significantly greater dental plaque score in both the primary and 

permanent teeth o f the children with CRF. This can be attributed to the lower level 

o f dental care and prevention, as a standard dental service is not provided for these 

patients. This finding differs fi*om an earlier study that reported similar plaque levels 

in 52 children with CRF and their matched controls (Jaffe et a l  1986).

Dental and medical care and nutritional management o f patients with CRF should be 

closely integrated to avoid undesirable dental sequelae (Borradori et al. 1999; Nunn 

et a l 2000). In addition, a mouthcare regimen that includes proper rinsing with 0.2% 

chlorhexidine could effectively reduce plaque accumulation (Joyston-Bechal and 

Hemaman, 1993).

On the other hand, the gingival health was similar in CRF and control children. This 

is contrary to the results reported by Jaffe et a l  (1986) but similar to two previous 

studies (Been and Engel, 1982; Tollefsen and Johansen, 1985b). The two similar 

studies reported that uraemic and haemodialysis patients had the same amount of 

gingivitis as healthy controls, yet seemed to tolerate more dental plaque. They 

attributed this to modified tissue response due to a compromised immune system in 

the patients with CRF masking any gingival inflammation. As anaemia is a common 

problem in patients with CRF, it is also possible that the inflammation is masked by 

the paleness o f the gums.

Gingival Enlargement

The children with CRF demonstrated gingival enlargement associated with their 

permanent teeth only. This was expected, although only four o f the eight children 

with CRF who had gingival enlargement in this study were on nifedipine at the time 

of examination, the others were usually on this drug intermittently to control their 

blood pressure.
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There was no significant correlation between gingival enlargement and plaque 

accumulation on the teeth o f the children with CRF in this study. In another study 

(Allman et a l  1994), a statistically significant association was found between oral 

debris and gingival enlargement in 26 paediatric transplant patients.

It has been suggested that changes in the gingival contour seen in drug induced 

gingival enlargement will impede plaque removal and may lead to an increase in 

gingivitis (Seymour et a l  1994). In the present study no significant association 

between gingival enlargement and gingivitis was identified.

Current clinical practice is to ensure a very high standard of plaque control 

postoperatively in transplant patients who have had gingival surgical reduction. 

Patients who maintain high standards o f plaque control do not develop excessive 

regrowth o f the gingiva.

Developmental Enamel Defects

There were significantly greater enamel defects ranging from mild opacities to 

hypoplastic changes in the permanent teeth only of the children with CRF. The 

proportionof children with CRF who had enamel defects (57%) was significantly 

greater than in the control group (33%). This agrees with the findings o f two 

previous studies (Woodhead et a l  1982; Jaffe et a l  1986), which reported that 

enamel defects coincide with the onset and severity o f the CRF. Since all the 

children included in this study had moderate to severe CRF (creatinine levels ranging 

from 150 to 1329 pmols/L) a high prevalence o f different enamel defects was 

expected. Reproducibility was not attempted for the DDE index as it was not 

possible to ‘blind’ the examiner to the patient’s identity, especially with the relatively 

small number o f subjects in the study. The presence o f DDE in controls was very 

low thus making it impossible to carry out a meaningful reproducibility study.

Results in this study compare favourably with a recent study (Nunn et a l  2000), in 

which diffuse enamel opacities and enamel hypoplasia were reported in patients with 

CRF. Such defects may be related to disordered calcium and phosphate metabolism.

177



4.2 Dental Health, Oral Microflora and Salivary Changes in Children 

with Chronic Renal Failure

4.2.1 Oral Microflora of the Children with CRT

Oral Streptococci

In the CRF group, the most frequently isolated streptococcal species were S. mitis,

S. oralis and S. parasanguis and in the control group the most frequently isolated 

streptococcal species were S. mitis, S. oralis and S. mutans. It was reported that S. mitis,

S. oralis and S. salivarius were the most frequently isolated salivary species in 121 pre - 

dentate children, dentate children and adults (Tappuni and Challacombe, 1993). In the 

present study, the total streptococcal count as a percentage o f the total anaerobic count 

was significantly greater in the CRF group than in the control group and the total counts 

o f S. mitis and S. parasanguis were significantly higher in the CRF group. As a 

percentage o f the total streptococcal count and the total anaerobic count, S. parasanguis 

was found to be significantly greater in the CRF group compared to the control group. 

Therefore, the children with CRF may be at risk o f developing bacteraemia and 

infection o f oral source. In patients with CRF, the normal oral microflora may be a 

source o f local or systemic infections (Naylor et al. 1988). In the immunocompromised 

patients, but not in most healthy individuals, a transient bacteraemia o f dental origin 

may result in serious clinical complications (Longman and Martin, 1999). It was stated 

that even brushing teeth could lead to bacteraemia (Lucas and Roberts, 2000) and

S. mitis and S. oralis were reported to be the most frequently isolated species from 

infections in immunocompromised and neutropenic patients (Classen et al. 1990;

Beighton et al. 1994; Bochud et al. 1994a, 1994b).

The total count o f S. mutans was significantly lower in the CRF group, correlating with 

the lower number o f children with caries experience in that group. It is believed that S. 

mutans plays a major aetiological role in the initiation and progression o f dental caries 

(Loesche, 1986; Hanada, 2000). Epidemiological and experimental studies 

demonstrated a positive correlation between S. mutans and different carious lesions 

(Duchin and Van Houte, 1978; Beighton et al. 1985; Kristoffersson et a l 1985).
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Candida Species

In this study no Candida species were isolated from the CRF group but 11 (44%) 

children in the control group harboured C  albicans. In previous studies the 

prevalence o f oral yeast carriage in healthy adults ranged from 2% to 71% 

(MacFarlane, 1990) and in paediatric inpatients was 46% (Marks et a l  1975), in 

renal transplant recipient adults 59% (Greenberg and Cohen, 1977) and in psychiatric 

patients 64.7% (Lucas, 1993). The lack of Candida organisms in the CRF group 

studied corresponds with the very low number of children with dental caries. It has 

been reported that yeast was associated with caries and considered to be very 

efficient in discriminating between high risk and low risk children (Pienihakkinen, 

1988).

Enterobacteriaceae and Enterococci

No Enterobacteriaceae were isolated from the children with CRF and their matched 

controls. This agrees with a previous study in which no Enterobacteriaceae were 

detected from 20 healthy children aged from one to 16 years (Scully and 

MacFarlane, 1983). Nevertheless, two other studies reported the prevalence o f oral 

Enterobacteriaceae to be 4% in 25 healthy Malaysian children (Philpot et a l  1980) 

and in 490 healthy Minnesota children (Hable et a l  1971).

In addition, no enterococci were isolated from the two groups. In different studies, 

the prevalence o f enterococci varied from 0 to 75% in different groups o f the 

population, including healthy subjects, laboratory personnel, patients with high caries 

prevalence, antibiotic treated patients, school children, endodontics patients, patients 

with toothache, naval recruits, hospital staff, long term in-patients and haemodialysis 

patients (Williams et a l  1950; Bahn et a l  1960; Engstrom, 1964; Gold et a l  1975; 

Mejare, 1975; Sukchotiratana et a l  1975; Phillips et a l  1976; Campbell et a l  1983; 

Smythe^fl/. 1987; Sundqvist a/. 1998).
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4.2.2 Salivary Findings in Children with CRF

The saliva urea levels were significantly greater in the children with CRF when 

compared to that of the controls. This was expected, because the patients with CRF 

tend to have high plasma urea levels (mean value = 17.2mmol/L). However, the 

amount o f calcium in the CRF group saliva was not significantly different fi"om that 

o f the control subjects. This is possibly due to the proper medical and nutritional 

management provided to the patients with CRF in an effort to maintain their normal 

plasma calcium level.

The saliva buffering capacity o f the CRF group was significantly greater than that of 

the control group. This is attributed to high salivary urea levels. A similar finding 

was reported in a study of the unstimulated whole saliva o f 22 patients receiving 

haemodialysis (Kho et a l  1999).

4.2.3 Findings in CRF Children with and without Gastrostomies

Within the CRF group statistical analyses were applied to the data on children with 

and without gastrostomy feeding tubes, but because there were only six with 

gastrostomies and 19 without gastrostomies, the results should be treated with 

caution.

4,2,3,1 Dental Indices in CRF Children with and without Gastrostomies

Dental Caries

The dmft, dmfs, DMFT and DMFS values in children with gastrostomies were not 

significantly different from those in children without gastrostomies. Despite the 

importance o f diet in the aetiology of caries, an association between the two was hard 

to establish (Bay and Ainamo, 1974; Kristoffersson et a l 1986). It could be 

concluded that caries would not be affected by the mode o f feeding children with 

CRF.
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Dental Plaque and Gingivitis

Only the primary teeth of children with gastrostomies exhibited greater dental plaque 

and gingival inflammation scores when compared to children without gastrostomies. 

This might be due to the fact that children with gastrostomies do not chew leading to 

less stimulation o f saliva (see section 4.2.33) and resulting in more debris 

accumulation.

4.23,2 Oral Microflora in CRF Children with and without Gastrostomies 

The results showed no difference in the mean total aerobic and anaerobic bacterial 

count between the CRF children sub - groups (with and without gastrostomies). In 

addition, there was no difference in the counts o f each streptococcal species between 

the two sub - groups. Thus, it could be suggested that the oral streptococci were not 

affected by the mode of eating, whether by mouth or by gastrostomy.

4.2.3.3 Salivary Findings in CRF Children with and without Gastrostomies 

The saliva buffering capacity did not differ between CRF children with or without 

gastrostomies. Interestingly, there was a significantly greater saliva flow rate and 

saliva urea level in the CRF children without gastrostomies than those with 

gastrostomies.

4.3 The Dental Health and Oral Microflora of Children Undergoing Renal 

Transplantation

4.3.1 Dental Indices in RT Children

Dental caries

All the RT children and their matched controls were examined for dental caries at 

baseline only because of the short period o f time between the baseline and the final 

visit (90 days). The percentage of caries free children who were undergoing renal 

transplantation (61%) was significantly greater than their matched controls (8.3%). 

The mean dmft (0.3) and DMFT (1.5) values o f children in the RT group were 

significantly lower compared with the dmft (1.9) and DMFT (3.1) values in the
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control group. The low caries experience found at baseline in the RT children would 

be explained by the fact that these children may have had high salivary urea levels.

In the Dental Health Surveys coordinated by the British Association for the Study of 

Community Dentistry in 1997/98 and 1998/1999 (Pitts et al. 1999; Pitts et al. 2000), 

the dmft value for five -  year - olds and the DMFT value for 14 -  year - olds in 

England was 1.68 and 1.76, respectively. In comparison, the control group in the 

current study had greater dmft (1.9) and DMFT (3.1) values than those reported by 

the two Dental Health surveys.

In the current study, the calcium, creatinine and urea blood levels o f each RT patient 

were recorded at the three visits. The creatinine and urea levels had significantly 

decreased two days post - transplantation and 90 days later when compared with 

baseline levels. This led to the conclusion that the RT children’s general condition 

was improving. Consequently their oral condition was improving in parallel to 

converge with that o f healthy individuals. It would be expected that the oral 

microflora of the RT children at the final visit would be similar to their matched 

controls, but different from the patients with CRF. It has been suggested that 

patients with normally functioning renal transplants would be at increased risk of 

caries since their plaque pH is not significantly different from that o f healthy children 

and is significantly lower than that of children with CRF (Peterson et al. 1985).

Dental Plaque and Gingivitis

In the control group, the plaque and gingivitis scores o f the primary and permanent 

teeth were stable between baseline and 90 days later.

In the RT group, the plaque accumulating on the permanent teeth at baseline and 

within two days post - transplantation was significantly more than was found 90 days 

later. The gingival health was relatively stable during the three visits. Many early 

studies showed that gingival and periodontal inflammation o f RT patients did not 

correlate with dental plaque accummulation (Schuller et al. 1973; Kardachi and 

Newcomb, 1978; Been and Engel, 1982; Tollefsen and Johansen, 1985a). The 

findings were attributed to the immunosuppressive drugs given to the RT patients to 

prevent kidney rejection.
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Gingival Enlargement

The gingival enlargement index for the permanent teeth o f the RT children was 

greater than the control group at the final visit.

In the RT children, gingival enlargement was not detected in relation to the primary 

teeth. Gingival enlargement was detected in relation to the permanent teeth of 4 RT 

children at baseline and this increased to 5 children at the final visit. The degree of 

gingival enlargement was aggravated in the 4 patients who had gingival enlargement 

at baseline and appeared in 1 more child 90 days after transplantation. There was 

also a significantly greater gingival enlargement score for permanent teeth in RT 

children at 90 days, when compared to the baseline. The labial surface o f the upper 

and lower anterior teeth showed the majority o f the enlargement.

The speculated reason for gingival enlargement in the RT group is the use of 

immunosuppressive drugs (Seymour et al. 1987). The prevalence o f gingival 

enlargement was stated to be greater when combining cyclosporin and nifedipine 

(Thomason et a l  1993; David-Neto et a l  2000). In this study, 7 o f the 24 children 

included were on a new immuno - suppressive drug FK506 (tacrolimus), which is 

reported to have fewer side effects on the gingivae (Spencer et a l  1997 and Thorp et 

a l  2000).

In the present study, children with gingival enlargement were compared and matched 

with those who did not develop gingival enlargement. There was no difference 

between the two groups when the demographic variables, drug (cyclosporin, FK506, 

nifedipine) variables and the levels o f plaque and gingivitis were compared. 

Furthermore, no correlation was found between the gingival enlargement index and 

plaque and gingivitis indices. This is similar to the results firom another study 

(Allman et a l  1994), which showed no relationship between the occurrence and 

severity o f gingival enlargement with gender, age, cyclosporin blood levels or length 

o f time on cyclosporin, but showed a significant correlation between gingival 

enlargement and oral hygiene. The results fi*om a longitudinal study on 100 heart, 

liver and kidney transplant cases six months following transplantation showed that
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cyclosporin blood concentration was the primary factor influencing gingival 

enlargement followed by plaque and gingivitis levels (Somacarrera et a l  1994). In 

addition, it was reported that the gingival enlargement would impede plaque removal 

leading to an increase in gingival inflammation (Seymour et a l  1994). Another 

study showed a positive correlation between gingival enlargement and the levels of 

plaque and gingivitis, but no correlation between gingival enlargement and drug 

dosage (Thomason et a l  1993). In contrast, two other studies showed a positive 

correlation between gingival enlargement and the cyclosporin dose during the first 

six months o f treatment (Seymour et a l  1987; Wondimu et a l  1993).

Furthermore, Lowry et a l (1995) examined 19 cardiac transplant children 1.5 - 8.5 

years post - transplant and found that 10 patients had clinically significant gingival 

enlargement and nine had very minor enlargement. No difference was reported 

between these patients with respect to age, duration o f time after transplantation, 

cyclosporin dosage, and whole blood concentration o f cyclosporin and nifedipine.

4.3.2 Oral Microflora of RT Children

4.3.2.1 Control Group

Children in the control group showed no significant differences in total bacterial 

counts carried out during the two visits. The organisms monitored were oral 

streptococci, Candida species, enterococci, Enterobacteriaceae and lactobacilli. The 

results demonstrated stability of the oral microflora in these children.

4.3.2.2 RT Group

The total bacterial counts were not significantly different between the three visits. 

The total streptococcal count as a percentage o f the total anaerobic count decreased 

fi*om baseline to the final visit, but no statistical difference was detected. This may 

be related to the reduction of plaque accumulated around the permanent teeth fi-om 

baseline to the final visit.
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Eleven streptococcal species were isolated from the RT children. These were:

S. mitis, S. oralis, S. salivarius, S. vestibularis, S. sanguis, S. parasanguis, S. gordonii,

S. intermedius, S. constellatus, S. mutan and S. sobrinus. S. mitis and S. oralis were the 

species most frequently isolated from the RT children throughout the three visits. 

During the last fifteen years S. mitis and S. oralis have emerged as increasingly 

important opportunistic pathogens in immuncocompromised patients (Classen et al. 

1990; Bochud et a l  1994a, 1994b). Earlier investigators have reported a significant 

increase in the proportion o f these species following intense immunosuppresion (Lucas 

et al. 1997). Later workers revealed a trend towards an increase in the proportion of 

S. oralis o f the total streptococal count 3 days after liver transplantation (Sheehy et al. 

2000). Even though the proprotions o f S. mitis and S. oralis were unchanged during the 

present investigation, more intense immunosuppression could have had this effect. 

Investigations with healthy children revealed that the most frequently isolated species in 

the saliva o f pre - dentate children, dentate children and adults were S. mitis, S. oralis 

and S. salivarius (Tappuni and Challacombe, 1993). This was supported by later work 

which showed that the predominant species isolated from the mouth o f 33 healthy 

school children using an oral rinse were S. mitis, S. oralis and S. salivarius (Lucas et al. 

2000).

In an in vitro study, S. oralis was found to be the most proteolytic o f the oral 

streptococci (Homer et a l  1990). Studies on S. oralis revealed the following 

characteristics: it had the greatest capacity to utilise salivary glycoprotein for growth 

(De Jong and Van der Hoeven, 1987); it exhibited more extensive degradation o f the 

oligosaccharide side - chain of the pig gastric mucin resulting in better growth on mucin 

than other viridans streptococci (Van der Hoeven et al. 1990; Van der Hoeven and 

Camp, 1991); it has the ability to degrade the glycan side chains o f a major component 

o f human serum called ai - acid glycoprotein when grown in vitro and to utilise 

N - acetyl sugars as a nutrient source for growth (Homer et a l  1996). Both S. mitis and 

S. oralis were able to utilize sialic acid that could be provided from the host serum and 

cell - associated glycoproteins and would play a role in the persistence and survival of 

these infecting organisms (Byers et a l 1996; Byers et a l  1999).
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The proportion o f S. parasanguis as a percentage o f the total anaerobic count was found 

to be significantly less at 90 days post -  transplantation compared with baseline and 

with two days post transplantation. The reduction could be due to the use of antibiotics. 

All the RT children were taking a daily dose of Septrin (co - trimoxazole and 

trimethoprim) to prevent Pneumocyctis carinii infection.

5". mutans was isolated more frequently in the RT children at the final visit (10 

children) in comparison to baseline (2 children). This may be attributed to the 

significant drop o f blood urea levels noted at the final visit (15.1mmol/L at baseline 

and 6.9mmol/L at final visit) which would result in lowering o f the saliva pH.

S. salivarius is not usually considered a significant pathogen as it is a common 

inhabitant o f the oral cavity, particularly the tongue, mucosa and saliva (Whiley and 

Hardie, 1997). As a percentage o f the total streptococcal count S. salivarius was 

found to be significantly greater 90 days post - transplantation than at baseline and 

two days post -  transplantation. This increase could be due to the improved health of 

the RT children leading to better eating. A very early study on breast - fed babies 

aged six months did not detect S. salivarius until after the introduction of 

supplements of cereals with sugar and the organism disappeared just after the 

exclusion of the supplements (Belding and Belding, 1940). The increase o f 

S. salivarius at the final visit could be attributed to general recovery and better eating 

after the transplanted kidney starts to function.

S. parasanguis was isolated less firequently from RT patients than from the controls 

at the final visit. In addition, the total count of the S. mutans was less in the RT 

group at baseline and 90 days later when compared to the control group. This could 

be due to the compulsory use o f antibiotics for 6 months following transplant.

Candida Species

There was no significant difference in the total count o f Candida species in the RT 

group during the three visits. The isolation frequency in the RT children ranged from 

4.2% at baseline to 13% at the final visit. Such values were lower than the isolation 

frequency of 46% found in hospitalized children (Marks et a l  1975), 59% in renal 

transplant recipient adults (Greenberg and Cohen, 1977), 35% in children with
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immune deficiencies (Brown et al. 1979) and 66.7% in malnourished children 

(Aldred et a l  1989). Candida was isolated less frequently at baseline from the RT 

group (one child) compared to the control group (nine children) at baseline but no 

difference was found between the two groups after transplantation. The isolation 

frequency of Candida in the controls (38%) was higher than that shown by Scully 

and MacFarlane (1983) in healthy children (7%) using swabs, but lower than that 

reported by Berdicevsky et a l (1984) (45 - 65%) using whole saliva sample and by 

Aldred et a l  (1989) (65.5%) using the imprint culture technique.

C  albicans was the only species o f Candida identified from the RT and control 

children. The predominance o f C. albicans was also found in liver transplant patients 

and in children with Down’s syndrome (Kusne et a l  1994; Carlstedt et a l  1996; 

Sheehy et a l  2000). The C. albicans count was significantly less in the RT children 

compared to the control children at baseline only. The low count o f C. albicans in 

the RT children could be associated with the low caries prevalence in the RT 

children, as yeast has been shown to be associated with dental caries (Pienihakkinen, 

1988). Also the high urea levels, which would lead to higher saliva pH, may be the 

reason for this low incidence of Candida in the RT children. Many studies have 

demonstrated a relation between high candidal carriage and low salivary pH 

(Shipman, 1979; Arendrof and Walker, 1980). The low pH condition was reported 

to promote the ability o f oral Candida to adhere to the epithelial surface 

(Samaranayake and McFarlane, 1982). It is plausible to conclude that the 

susceptibility o f this group of RT children to infection by oral Candida is low.

Lactobacilli

There was no significant difference in the total count o f lactobacilli in the RT 

children during the three visits. The isolation frequency of lactobacilli was 

significantly less at baseline in the RT children when compared with the controls. 

This could be due to high salivary urea levels resulting in a high pH o f saliva that 

would not be ideal for the colonization and growth o f lactobacilli in the oral cavity of 

the RT patients. It was reported that lactobacilli are acidiuric and that their presence 

was related to low saliva pH (Parvinen and Larmas, 1981).
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In addition, the lactobacilli count in the RT group was significantly less when 

compared to the control children at baseline and 90 days later. This may contribute 

to the lower prevalence o f dental caries in the RT children. Lactobacilli have been 

found to correlate with the prevalence of carious or filled surfaces in many cross 

sectional studies (Zickert et a l  1982; Alaluusua et a l  1987; Kohler and Bjamason, 

1992; Beighton et a l  1996).

Enterobacteriaceae and Enterococci

Only one enterococcal species was isolated from a 15-year-old male two days post -  

transplantation and that was identified as E. casseliflavus (cfli/ml = 4400). Several 

early studies o f various sites of the mouth have indicated that not all subjects harbour 

these organisms (Williams et a l  1950; Bahn et a l 1960; Engstrom, 1964; Gold et a l 

1975). Therefore, it could be postulated that the risk o f infection by oral enterococci 

is low in the RT group.

4.4 Oral Focal Infection

For obvious reasons patients with CRF are immunocompromised and RT patients 

must be given regular immunosuppressant drugs for life, to maintain a successful 

transplant (Naylor et a l  1988). The reduction of the response to inflammation and 

weakening o f the cellular and humoral resistance are typical effects o f these 

medications leading to higher susceptibility to infection in these patients (Krekeler et 

a l  1980). The most important consideration in CRF and RT children is to prevent 

any infection that might occur.

It was reported that bacteraemia o f oral source could arise from even a simple 

procedure like tooth brushing (Schafer et a l  1983; Naylor et a l  1988; Lucas and 

Roberts, 2000), but the incidence o f infections occurring as a result o f dissemination 

of oral bacteria is unknown (Greenberg and Cohen, 1977). In the current study, the 

total oral streptococcal count as a percentage o f the total anaerobic count in the RT 

children was found to be decreasing throughout the study, reaching the lowest levels 

at 90 day post - transplantation. Furthermore, all the RT patients were treated with 

septrin for 6 months post - transplantation and their condition was stable during the 

study period. We can conclude that the risk o f any opportunistic infection by oral
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streptococci in RT children can be low. Similarly, in this group the risk of 

opportunistic infections by oral Candida and enterococci is low, as they were rarely 

isolated.

In patients with CRF, the oral streptococcal count was high, particularly S. 

parasanguis and S. mitis. Therefore, special care must be observed to prevent any 

clinical complications o f oral origin. Oral Candida, Enterobacteriaceae and 

enterococci were not detected in these patients.

4.5 Antibiotic Sensitivity Testing Using the E - test

Comparison of results on antimicrobial susceptibility o f oral streptococci from 

different studies is limited by the inconsistency of laboratory techniques and the 

different susceptibility categorization o f streptococci.

The literature was extensively searched but no NCCLS category break point 

definitions were found for the susceptibility of streptococci to gentamicin and 

teicoplanin. For this reason, the categorization o f the susceptibility o f streptococci to 

these two antibiotics was excluded.

In the present study, the resistance o f all streptococci to the four antibiotics used was 

considerably low, except for vancomycin in the renal transplant and control groups at 

all visits. The percentages o f the resistant streptococci in the renal transplant group 

were 48% at baseline, 59.1% two days post - transplant and 43.5% at the final visit 

and in the control group 46.7% at baseline and 40% at the final visit. Other studies 

have shovm that the vancomycim MICs using the E - test method were higher than 

the standard agar or broth dilution methods as shown when testing S. pneumoniae 

and the type strain ATCC 49619 (Hashemi et a l  1996), Gram - positive bacteria 

(Baker et a l  1991) and enterococci (Tenover et a l  1995).

In this study, there were significantly greater teicoplanin MICs for the streptococci at 

the final visit compared to baseline in the control group. Otherwise, there were no 

significant differences in the MICs o f all the antibiotics in the RT and control groups.
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With respect to S. mitis only, the MICs of clindamycin, gentamycin and teicoplanin 

were found to be higher at two days post - transplant than baseline in the renal RT 

group, but no significant difference was found in the control group. Although in 

several studies high numbers o f S. mitis were usually found to be resistant to 

penicillin (Potgieter et al. 1992; Renneberg et al. 1997; Teng et al. 1998), none o f the 

S. mitis isolated from the RT group or the control group in the present study were 

resistant to any of the antibiotics tested, except for a few found to be resistant to 

vancomycin (RT group: 30% at baseline, 30% at two days post - transplant and 20% 

at the final visit; and control group: 20% at baseline). As mentioned earlier the 

resistance to vancomycin could be due to the E - test method, as this has been shown 

to result in falsely elevated MIC values when compared to the broth microdilution or 

standard agar methods (Baker et al. 1991; Hashemi et a/. 1996).

In the RT group S. mutans isolates had significantly greater amoxicillin MICs at the 

final visit compared to isolates from the second visit. Similarly, such high MICs 

were obtained for S. mutans isolates from the controls at the final visit compared to 

isolates at baseline. Comparison of the MICs of the RT and control group showed 

higher MICs values o f amoxicillin, clindamycin and vancomycin in the RT children 

than in the control group at baseline only. In addition, there was a greater proportion 

o f clindamycin resistant and vancomycin resistant S. mutans in the RT group at all 

three visits. In fact, all five S. mutans isolates in the RT group were resistant to 

vancomycin at baseline compared to only 80% at the second visit and 60% at the 

final visit. Similarly, 40% of S. mutans isolates at baseline and two days post - 

transplant were resistant to clindamycin in the RT children compared to only 20% at 

the final visit. In the control group the clindamycin resistant isolates were only 

found at the final visit (40%) while all S. mutans isolated at baseline were susceptible 

to clindamycin. In Spain, a study on 160 isolates of S. mutans showed that 2.5% of 

the isolates were penicillin resistant but all were susceptible to clindamycin, 

vancomycin and teicoplanin (De la Higuera et al. 1997).

In the present study, S. salivarius showed the highest rate of susceptibility to the six 

antibiotics tested, compared to S. mitis and S. mutans. However, in Taiwan in vitro 

susceptibility o f 13 antimicrobial agents against 207 isolates o f viridans streptococci
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recovered from patients with significant infections showed that S. salivarius isolates 

had the lowest rate o f susceptibility to penicillin when compared to S. oralis and 

S. mitis (Teng et a l 1998).

4.6 General Conclusions and Clinical Implications

From dental examination o f the children with CRF and the children undergoing renal 

transplantation, it was apparent that their dental health was better than that of the 

healthy control children, reflected in their lower prevalence o f dental caries with 

almost similar levels o f dental plaque accumulation and gingival inflammation. The 

CRF and RT children are at low risk o f developing dental caries as they had lower 

counts o f S. mutans, lactobacilli and Candida and higher urea levels when compared 

with the healthy children.

On the other hand, the high total streptococcal counts and counts o f S. mitis and 

S. parasanguis in the children with CRF and the immunosuppressive medication 

taken by the RT children make these children potentially at risk o f developing 

streptococcal bacteraemia and infections arising from the oral cavity. Thorough 

dental examination, prophylaxis, radiographic survey and oral hygiene instruction, 

especially before the transplantation, are mandatory to remove any potential foci o f 

metastatic infections from the oral cavity of these children.

The effect o f transplantation did not appear to have a major effect on the dental 

health of the RT children except for the mild to moderate gingival enlargement that 

appeared in five children. Instruction and education regarding this post - transplant 

problem and emphasis on oral hygiene would be helpful for these children. This is 

important, as it is believed that a very high standard o f plaque control could help in 

preventing the development of excessive gingival enlargement. It is also believed 

that the use o f chlorhexidine on a daily basis is an important adjunct. Routine dental 

review for both CRF and RT children is extremely important.
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4.7 Future Work

1. Establishment of guidelines for the dental management o f renal transplant 

patients before and after transplantation.

2. Assessment o f the dental knowledge, diet and fluoride history o f the children 

with chronic renal failure and children undergoing renal transplant from different 

centres around the United Kingdom to set guidelines o f dental prevention and 

education.

3. Study of the possibility o f using an alkaline mouthwash, which would simulate 

the urea characteristics. This could be a very promising method in caries 

prevention in healthy children with high caries incidence.

4. Study of the prevalence o f oral streptococcal bacteraemia in children with 

chronic renal failure and children undergoing renal transplant.
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approval is given for a period of 48 months from the commencement o f the project. If 

you wish to start the research more than twelve months from the date of this letter or 

extend llie duration of your approval you should seek Chairman's approval.

2. You must seek Chairman’s approval for o f proposed amendments to the research for 

which this approval has been given. Ethical approval is specific to this project and must 

not be heated as applicable to research o f a similar nature, ie. using the same 

procedure(s) or medicinal product(s). Each research project is reviewed separately and if 

there are significant changes to the research protocol, for example in response to a grant 

giving bodies requirements you should seek confimiation o f continued ethical approval.

3. It is your responsibility to notify tlie Committee immediately o f any information which 

would raise questions about the safety and continued conduct o f  the research.

4. Specific conditions pertaining to the approval o f  this project are:

Research and Development Office

Hrr M aje.fiy The Q ueen
P re s id c n i
H er Royal H ighness 
The Princess o f  Wales

C h a irm a n

Sir Brian H ill u s i k i c s  reio»
C h ie f  E x e c u tiv e  
Robert Creighum  un
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• That work pertaining to the immunological investigations should not be undertaken until 

further clarification has been given.

•  The use of the enclosed standard consent forms for tlie research. A copy of the signed 

form must be placed in the patient’s clinical records and a copy must be kept by you 

with the research records as our insurers may demand access to tliem.

Yours sincerely 

Anna Jenkins
Secretary to the Research Ethics Committee 

encs

CC Professor GJ Roberts
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Appendix I b : Ethical Approval for Study 2

Great Ormond Street Hospital 
for Children NHS Trust
and the Institute of Child Health
(University College London Medical School)

12 August 1998

Mrs Abeer Al-Nowaiser 
Paediatric Dentistry 
Eastman Dental Institute 
256 Gray’s Inn Road 
London 
WCIX 8LD

30 Guilford Street 
London W CIN lEH

Telephone: 0171 242 9789 
Direct Fax; 0171 813 8234

Dear Mrs Al-Nowaiser,

98-SG-22 Oro-dental, oral microbial changes in children with chronic renal failure

Notification o f ethical approval

The above research has been given ethical approval after review by the Great Ormond Street

Hospital for Children NHS Trust /  Institute of Child Health Research Ethics Committee subject to

the following conditions.

1. Your research must commence within twelve months o f the date of this letter and ethical 

approval is given for a period of 12 months from the commencement o f the project. If you 

wish to start the research more than twelve months from the date of this letter or extend the 

duration of your approval you should seek Chairman’s approval.

2. You must seek Chairman’s approval for proposed amendments to the research for which 

this approval has been given. Ethical approval is specific to this project and must not be 

treated as applicable to research of a similar nature, eg. using the same procedure(s) or 

medicinal product(s). Each research project is reviewed separately and if there are 

significant changes to the research protocol, for example in response to a grant gjving 

body’s requirements you should seek confirmation of continued ethical approval.

3. It is your responsibility to notify the Committee immediately o f any information which 

would raise questions about the safety and continued conduct of the research.

4. On completion o f the research, you must submit a report of your findings to the Research 

Ethics Committee.

5. Specific conditions pertaining to the approval of this project are;
Research and D evelopm ent O ffice

Her M ajesty The Queen
Chair
Professor Naomi Sargant

Chief Executive 
Robert Creighton ma
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The use o f the enclosed standard consent forms for the research. A copy of the signed 

consent form must be placed in the patient’s clinical records and a copy must be kept by you 

with the research records.

Yours sincerely

y
Orlagh Sheils
Secretary to the Research Ethics Committee

Prof G Roberts 
ProfM Wilson
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A ppendix I c : Ethical Approval for recruiting control children from the 
Camden and Islington Com munity Health Services

PS
CAMDEN & ISLINGTON

C ommunity Health Services NHS Trust 

Y o u r  P a r t n e r  f o r  H e a l t h

LOCAL RESEARCH ETHICS COMMITTEE
Medical Directorate, V'ezey Strong Building, 112 Hampstead Road, London NW l 2LT 

Tel: 0171 530 3055 Fax: 0171 530 3018 
e-mail: siie.rodniell®dial.pipex.com

8 A u g u si, 1997

Mr.s Abccr A l-Now aiser 
Departm ent o f  Paediatric Denti.str\' 
256 G ray’s Inn Road 
LONDON 
W C IX  8LD

Dear M rs Al-Now aiser 

Application No: 97/65
Title: Oro-dental, oral microbial and oral immunological findings in children with chronic 
renal failure and kidney transplantation

I am writing in reference to  your letter received on 6 August 1997 and to the conversation held 
betw een Graham  Roberts, your supervisor, and Yvonne M cCulloch, the Adm inistrator o f  the
l.RKC 1 understand that only an oral swab will be taken two days after renal transplantation and 
not a full oral examination. Also, 1 understand that the reason given for this occurring within two 
days o f  the transplantation is that it must be taken before the child leaves intensive care and begins 
consum ing food and drink orally. Therefore, 1 am pleased to  say the Local Research Ethics 
C om m ittee now  has no objections on ethical grounds to the proposed study and it is happy to give 
you approval for this project

Please note that the following conditions o f  approval apply:

♦ It is the responsibility o f  the investigators to  ensure that all associated .staff including nursing 
staff are informed o f  research projects and are told that they have the approval o f the Ethics 
Com m ittee

♦ If data are to be stored on a com puter in such a way as to make it possible to identify- 
individuals then the project must be registered under the Data Protection Act 1984. Please 
consult your depanm ent data protection officer for advice.

/Page 2

R abb , J U L IA  N F . U B tR G E R ;  Chaimiun 
LOUTS SMIDT: Chief  Executive
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Mrs Al-Nowaiser 
8 August 1997 
Paae 2

The Committee must receive immediate notification o f  any adverse or unforeseen 
circumstances arising out o f  the trial.
The Committee must receive notification: a) when the study is complete; b) if  it fails to  start 
or is abandoned; c) if  the investigator/s change and d) if  any amendments to the study are 
made.
The Committee will request details o f  the progress o f the research project periodically (i.e 
annually), and require a copy o f  the report on completion o f the project.

With best wishes. 

Yours sincerely

t /

!/
Stephanie  Ellis 
C H A IR
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Appendix I d : Ethical Approval for recruiting control children from the 
Eastman Dental Hospital.

EASTMAN DENTAL INSTITUTE 
for Oral Health Care Science

256 Gray’s Inn Road, London, WC1X 8LD
A ssistan t Company Secretary and PA to  Chairm an & Dean 
Miss Avril Gardner

Tel: 0171 915 1128 Fax: 0171 915 1128 
E-mail: A.Gardner@eastman.ucl.ac.uk 
WWW: http://www.eastman.ucl.ac.uk

AMG/98/50 
25'*' February 1998

Professor G Roberts 
Department of Paediatric Dentistry

Dear Professor Roberts

RE: JREC APPLICATION NO. 97019
ORAL CHANGES IN CHILDREN WITH RENAL PROBLEMS

I am pleased to inform you that your above referenced application has been considered by 
members of the Eastman's Joint Research and Ethics Committee and senior staff of UCLH 
Trust and I am now able to give approval for the project to go ahead.

May I take this opportunity of wishing you every success with your project and I look 
forward to receiving a progress report from you in due course.

Yours sincerely

PROFESSOR CRISPIAN SCULLY 
Chairman, Eastman JREC

/ CC Mrs Abeer Al-Nowaiser

An Affiliate of University College London (University of London)
The Institute has Charitable status and is a Company Limited by Guarantee. Registration No 490351. London 

Chairm an: The C o u n te s s  of Limerick CBE 
Dean: P ro fe sso r C rispian Scuily MO, PhD, MDS, FOSRCPS, FFDRCSi, FDSRCS, FRCPath 

E aslm an Dental Institute SH ospital. 258 G ray s  Inn Rd, London WC1X BID Telephone *44 171 915 1000 Fax: *44 171 SIS  1012 http://w w w .eastm an.ucl.ac.uk

UCL
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Appendix II a: Information sheet For CRF children/parents (Study 1)

Patient Information 

(Chronic Renal Failure)

Oro-Dental and Oral Microbial Findings in Children with Chronic 
Renal Failure and Kidney Transplantation

We would like to ask your permission to include your child in this project.

The aim of the study

The aim of the project is to investigate the dental, microbial, and immunological changes 
in the mouths of renal failure and renal transplantation children. This would provide 
more understanding of the oral health of these children and enable dentists to develop 
methods for treating them and reducing their complaints.

Why is the study being done?

A previous study has shown less cavities and gum inflammation in children with chronic 
renal failure although there was more tartar.
In addition, many renal transplant children develop gum enlargement, we need to find out 
more about how this develops.

How is the study to be done?

If you agree to participate, your study will involve the following:
1. Clinical examination using dental mirror and special torch.
2. A rubber mould of all teeth will be done using a material that will set in two minutes
3. A photograph of the teeth and/or face will be taken with parents approval.

What are the risks and discomfort?
No risk to the child can be foreseen. There might be slight discomfort to some children 
during the rubber mould.

Who will have access to the case/research records ?

Only the research workers and a representative of the Research Ethics Committee will 
have access to the data collected during this study.
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This research has been approved by an independent Research Ethic Committee who 
believe that it is of minimal risk to your child. However research can carry unforeseen 
risk and we want you to be informed of your rights in the unlikely events that any harm 
should occur as a result o f taking part in this study.

No special compensation arrangements have been made for this project but you have the 
right to claim damages in a court of law. This will require you to prove a fault on the part 
of the Hospital and/or any manufacturer involved.

What are the potential benefits ?

It is hoped that this will further our understanding of the Oral-Dental problems facing 
children with kidney problems and enable us to provide better treatment.

Do I have to take part in this study ?

If you decide, now or at a later stage, that you do not wish to participate in this research 
project, that is entirely your right, and will not in any way prejudice any present or future 
treatment.

Who do I speak to if problems arise ?

If you have any complaints about the way in which this research project has been, or is 
being conducted, please in the first instance discuss them with the researcher. If the 
problem is not resolved, or you wish to comment in any other way, please contact the 
chairman of the Research Ethics Committee by post via the research and Development 
Office, the Institute of Child Health, 30 Guildford Street, London WCIN lEH or, if 
urgently, telephone on 0171 2429789 ex 2620, and the Committee administration will put 
you in contact with him.

Details of how to contact the Researcher.

If you have any problems relating to this study please contact the researcher directly.

Researcher’s Name & Address:

Mrs. Abeer Al-Nowaiser 
Eastman Dental Institute and Hospital 
Department of Paediatric Dentistry 
256 Gray’s Inn Rd 
London WCIX 8LD 
Tel 0171 915 1000

Ext. 1273 or Ext.2319
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Appendix II b: Information sheet For CRF children/parents (Study 2)

Patients and Parent Information
(Chronic Renal Failure patients)

Oral-Dental, Oral Microbial changes in Children with Chronic 
Renal Failure

We would like to ask your permission to include your child in this project so please read 
carefully.
If you don’t understand or would like to know more please don’t hesitate to ask .

The aim of the study

The aim of the project is to investigate the dental and microbial changes in the mouths of 
children with renal failure, to provide better understanding of the oral health of these 
children and to enable dentists to develop methods for treating them.

Why is the study beiug doue?

A previous study has shown less cavities and gum inflammation in children with renal 
failure. The tartar which leads to gum inflammation was found to be greater in amount in 
these children. The reason is still unclear, further investigation might help us uncover 
the reason behind this and develop a strategy for treating children with kidney failure.

How is the study to be done?

If you agree for your child to participate. The study will involve the following:
1. Clinical examination using dental mirror and special torch.
2. A swab of the cheeks, tongue and gums.
3. Your child will asked to chew on a piece of wax then spit in a little bottle.
4. A rubber mould of the upper and lower teeth will be taken.
5. A photograph of the teeth and/or face will be taken (with parents approval).

What are the risks aud discomfort?
No risk to the child can be foreseen.

Who will have access to the case/research records ?

Only the research workers and a representative of the Research Ethics Committee will 
have access to the data collected during this study.
This research has been approved by an independent Research Ethic Committee who 
believe that it is of minimal risk to your child. However research can carry unforeseen
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risk and we want you to be informed of your rights in the unlikely events that any harm 
should occur as a result of taking part in this study.

No special compensation arrangements have been made for this project but you have the 
right to claim damages in a court of law. This will require you to prove a fault on the part 
of the Hospital and/or any manufacturer involved.

What are the potential benefits?
This will further our understanding of the Oral-Dental problems facing children with 

kidney problems and enable us to provide better treatment.

Do I have to take part in this study?

You don’t have to take part in this study if you do not want to. If you decide to take part 
you may withdraw at any time without having to give any reason. Your decision whether 
to take part or not will not affect your care and management in any way.

Who do I speak to if problems arise ?

If you have any complaints about the way in which this research project has been, or is 
being conducted, please in the first instance discuss them with the researcher. If the 
problem is not resolved, or you wish to comment in any other way, please contact the 
chairman of the Research Ethics Committee by post via the research and Development 
Office, the Institute of Child Health, 30 Guildford Street, London WCIN IBH or, if 
urgently, telephone on 0171 2429789 ex 2620, and the Committee administration will put 
you in contact with him.

Details of how to contact the Researcher.

If you have any problems relating to this study please contact the researcher directly.

Researcher’s Name & Address:

Mrs. Abeer Al-Nowaiser 
Eastman Dental Institute and Hospital 
Department of Paediatric Dentistry 
256 Gray’s Inn Rd 
London WCIX 8LD 
Tel 0171 915 1000

Ext. 1273 or Ext.2319
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Appendix II c: Information sheet For RT children/parents (Study 3)

Patient Information 
(Renal Transplant)

Oro-Dental and Oral Microbial Findings in Children with Chronic 
Renal Failure and Kidney Transplantation

We would like to ask your permission to include your child in this project.

The aim of the study

The aim of the project is to investigate the dental, microbial, and immunological 
changes in the mouths of renal failure and renal transplantation children. This would 
provide more understanding of the oral health of these children and enable dentists to 
develop methods for treating them and reducing their complaints.

Why is the study being done?

A previous study has shown less cavities and gum inflammation in children with 
chronic renal failure although there was more tartar.
In addition, many renal transplant children develop gum enlargement, we need to find 
out more about how this develops.

How is the study to be done?
If you agree to participate, your study will involve the following at 3 specified times:

a. Before the transplantation

b. Within two days after transplantation

c. After an interval of 90 days from transplantation

1. Clinical examination using dental mirror and special torch.
2. A rubber mould of all teeth will be done using a material that will set in two minute.
3. Swab the inner side of the cheeks and gums.
4. A sterile rubber band will be provided to chew and 5 - 10 ml of saliva expectorated

into a sterile universal pot.
5. A wooden spatula is used to gently scrape the lining of the mouth.
6. A photograph of the teeth and/or face will be taken.

What are the risks and discomfort?
No risk to the child can be foreseen. There might be slight discomfort to some children 
during the rubber mould.
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Who will have access to the case/research records ?
Only the research workers and a representative of the Research Ethics Committee will 
have access to the data collected during this study.

This research has been approved by an independent Research Ethic Committee who 
believe that it is of minimal risk to your child. However research can carry unforeseen 
risk and we want you to be informed of your rights in the unlikely events that any harm 
should occur as a result of taking part in this study.

No special compensation arrangements have been made for this project but you have 
the right to claim damages in a court of law. This will require you to prove a fault on 
the part of the Hospital and/or any manufacturer involved.

What are the potential benefits ?

It is hoped that this will further our understanding of the Oral-Dental problems facing 
children with kidney problems and enable us to provide better treatment.

Do I have to take part in this study ?

If you decide, now or at a later stage, that you do not wish to participate in this research 
project, that is entirely your right, and will not in any way prejudice any present or 
future treatment.

Who do I speak to if problems arise ?

If you have any complaints about the way in which this research project has been, or is 
being conducted, please in the first instance discuss them with the researcher. If the 
problem is not resolved, or you wish to comment in any other way, please contact the 
chairman of the Research Ethics Committee by post via the research and Development 
Office, the Institute of Child Health, 30 Guildford Street, London WCIN lEH or, if 
urgently, telephone on 0171 2429789 ex 2620, and the Committee administration will 
put you in contact with him.

Details of how to contact the Researcher.
If you have any problems relating to this study please contact the researcher directly. 
Researcher’s Name & Address:
Mrs. Abeer Al-Nowaiser 
Eastman Dental Institute and Hospital 
Department of Paediatric Dentistry 
256 Gray’s Inn Rd 
London WCIX BED
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Appendix II d: Information sheet For Control children/parents (Study 1)

Participant and Parent Information 
(Chronic Renal Failure Controls)

Oro-Dental and Oral Microbial Findings in Children with Chronic 
Renal Failure and Kidney Transplantation

We would like to ask your permission to include your child in this project.

The aim of the study

The aim of the project is to investigate the dental, microbial, and immunological 
changes in the mouths of renal failure and renal transplantation children, to provide 
better understanding of the oral health of these children and to enable dentists to 
develop methods for treating them. Therefor a second healthy group (including your 
child) is required to enable comparison.

Why is the study being done?

A previous study has shown less cavities and gum inflammation in children with 
kidney failure. The tartar which leads to gum inflammation was found to be greater in 
amount in these children. Further investigation might help us uncover the reason 
behind this and develop a strategy for treating children with kidney failure.
In addition, many renal transplant children develop gum enlargement, we need to find 
out more about how this develops.

How is the study to be done?

If you agree to participate, your study will involve the following:
1. Clinical examination using dental mirror and special torch.
2. A rubber mould of front (top & bottom) teeth will be made using a material that will 

set in just two minutes.
3. A photograph of the teeth and/or face will be taken (with parents approval).

What are the risks and discomfort?
No risk to the child can be foreseen. There might be slight discomfort experienced by 
some children during the rubber mould procedure .

What are the potential benefits?
This will further our understanding of the Oral-Dental problems facing children with 

kidney problems and enable us to provide better treatment.
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Do I have to take part in this study?

You don’t have to take part in this study if you do not want to. If you decide to take 
part you may withdraw at any time without having to give any reason. Your decision 
whether to take part or not will not affect your care and management in any way.

Who do I speak to if problems arise?

If you have any problems relating to this study please contact the researcher directly.

Researcher’s Name & Address:

Mrs. Abeer Al-Nowaiser 
PhD dental researcher 
Department of Paediatric Dentistry 
Eastman Dental Institute and Hospital 
256 Gray’s Inn Rd 
London WCIX 8LD 
Tel 0171 915 1000

Ext. 1273 or Ext.2319

** All proposals for research using human subjects are reviewed by an ethics 
committee before they can proceed. This proposal was reviewed by the local research 
ethics committee (Camden and Islington Community Health Service NHS Trust).
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Appendix II e: Information sheet For Control children/parents (Study 2)

Participant and Parent Information

Oro-Dental, Oral Microbial changes in Children with Chronic 
Renal Failure

We would like to ask your permission to include your child in this project so please 
read carefully.
If you don’t understand or would like to know more please don’t hesitate to ask .

The aim of the study

The aim of the project is to investigate the dental and microbial changes in the mouths 
of renal failure children, to provide better understanding of the oral health of these 
children and to enable dentists to develop methods for treating them. Therefore a 
second healthy group (including your child) is required to enable comparison.

Why is the study beiug doue?

A previous study has shown less cavities and gum inflammation in children with renal 
failure. The tartar which leads to gum inflammation was found to be greater in amount 
in these children. Further investigation might help us uncover the reason behind this 
and develop a strategy for treating children with kidney failure.

How is the study to be doue?

If you agree for your child to participate, The study will involve the following:
1. Clinical dental examination using dental mirror and special torch.
2. A swab of the cheeks, tongue and gums.
3. Your child will be asked to chew on a piece of wax for two minutes and spit in a 

little bottle.
4. A mould of the upper and lower front teeth is to be taken.
5. A photograph of the teeth and/or face will be taken (with parents approval).

What are the risks aud discomfort?
No risk to the child can be foreseen.

What are the potential benefits?
This will further our understanding of the Oral-Dental problems facing children with 

kidney problems and enable us to provide better treatment.
Page 1
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Do I have to take part in this study?

You don’t have to take part in this study if you do not want to. If you decide to take 
part you may withdraw at any time without having to give any reason. Your decision 
whether to take part or not will not affect your care and management in any way.

Who do I speak to if problems arise?

If you have any problems relating to this study please contact the researcher directly.

Researcher’s Name & Address:

Mrs. Abeer Al-Nowaiser 
PhD dental researcher 
Department of Paediatric Dentistry 
Eastman Dental Institute and Hospital 
256 Gray’s Inn Rd 
London WCIX 8LD 
Tel 0171 915 1000

Ext. 1273 or Ext.2319

** All proposals for research using human subjects are reviewed by an ethics 
committee before they can proceed. This proposal was reviewed by the The Eastman 
Dental Institute ethics committee.
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Appendix II f: Information sheet For Control children/parents (Study 3)

Participant and Parent Information 
(Renal Transplant Controls)

Oro-Dental and Oral Microbial Findings in Children with Chronic 
Renal Failure and Kidney Transplantation

We would like to ask your permission to include your child in this project so please 
read carefully.
If you don’t understand or would like to know more please don’t hesitate to ask .

The aim of the study

The aim of the project is to investigate the dental, microbial, and immunological 
changes in the mouths of renal failure and renal transplantation children, to provide 
better understanding of the oral health of these children and to enable dentists to 
develop methods for treating them. Therefore a second healthy group (including your 
child) is required to enable comparison.

Why is the study being done?

A previous study has shown less cavities and gum inflammation in children with 
kidney failure. The tartar which leads to gum inflammation was found to be greater in 
amount in these children. Further investigation might help us uncover the reason 
behind this and develop a strategy for treating children with kidney failure.
In addition, many renal transplant children develop gum enlargement, we need to find 
out more about how this develops.

How is the study to be done?

If you agree your child will be seen twice (now and 90 days after). The study will 
involve the following:
1. Clinical examination using dental mirror and special torch.
2. A rubber mould of front (top & bottom) teeth will be made using a material that 

will set in just two minutes.
3. A gentle swab of the inner side of the cheeks and gums.
4. A photograph of the teeth and/or face will be taken (with parents approval).

What are the risks and discomfort?
No risk to the child can be foreseen. There might be slight discomfort experienced by 
some children during the rubber mould procedure.
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What are the potential benefits?

This will further our understanding of the Oral-Dental problems facing children with 
kidney problems and enable us to provide better treatment.

Do I have to take part in this study?

You don’t have to take part in this study if you do not want to. If you decide to take 
part you may withdraw at any time without having to give any reason. Your decision 
whether to take part or not will not affect your care and management in any way.

Who do I speak to if problems arise?

If you have any problems relating to this study please contact the researcher directly.

Researcher’s Name & Address:

Mrs. Abeer Al-Nowaiser 
PhD dental researcher 
Department of Paediatric Dentistry 
Eastman Dental Institute and Hospital 
256 Gray’s Inn Rd 
London WCIX 8LD 
Tel 0171 915 1000

Ext. 1273 or Ext.2319

** All proposals for research using human subjects are reviewed by an ethics 
committee before they can proceed. This proposal was reviewed by the local research 
ethics committee (Camden and Islington Community Health Service NHS Trust) 
and the Eastman Dental Institute ethics committee.
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Appendix III a: Consent For CRF and RT children/parents at GOS

Great Ormond Street Hospital for Children NHS Trust and
Institute of Child Health Research Ethics Committee

Consent Fonn for PARENTS OR GUARDIANS 
of Children Participating in Research Studies

Title: Oro-dental, oral microbial changes in children with chronic renal failure

NOTES FOR PARENTS OR GUARDIANS

1. Your child has been asked to take part in a research study. The person organising that study 
is responsible for explaining the project to you before you give consent.

2. Please ask the rese^cher any questions you may have about this project, before you decide 
whether you wish to participate.

3. If you decide, now or at any other stage, that you do not wish your child to participate in the 
research project, that is entirely your right, and if your child is a patient it will not in any way 
prejudice any present or future treatment.

4. You will be given an information sheet which describes the research project. This 
information sheet is for you to keep and refer to. Please read it carefully.

5. If you have any complaints about the way in which this research project has been or is being 
conducted, please, in the first instance, discuss them with the researcher. If the problems are 
not resolved, or you wish to comment in any other way, please contact the Chairman of the 
Research Ethics Committee, by post via The Research and Development OfiBce, Institute of 
Child Health, 30 Guilford Street, London WCIN lEH or if urgent, by telephone on 0171 
242 9789 ext 2620 and the committee administration will put you in contact with him.

CONSENT

I/We______________________________ , being the parent(s)/guardian(s) of

_______________________________agree that the Research Project named above has been

explained to me to my/our satisfaction, and I/We give permission for our child to take part 

in this study. I/We have read both the notes written above and the Information Sheet 

provided, and understand what the research study involves.

SIGNED (Parent (s)/Guardian (s) ) DATE

SIGNED (Researcher) DATE
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Appendix III b: Parent Consent form for children recruited from the Camden 
and Islington Community Health Services

Parents Consent Form

Title of the study: Oro-Dental, Oral Microbial, and Oral Immunological findings 
in Children with Chronic Renal Failure and Renal Transplant 
Children.

Investigator Name: Mrs. Abeer Al-Nowaiser 

To be completed by volunteers:
1. 1 have read the information sheet about this study YES/NO

2. I have had an opportunity to ask questions and discuss this study YES/NO

3. I have received satisfactory answers to all my questions YES/NO

4. I have received sufficient information about this study YES/NO

5. I understand that my child is free to withdraw from this study:

• At any time
• Without giving any reason for withdrawing
•  Without affecting my future medical care YES/NO

I /  We.................................................. give permission for our child to take part in this
study.

Signed........................................Date..............................

233



Appendix III c: Parent Consent form for children recruited from the Eastman 
Dental Hospital

Eastman Dental Institute and Hospital Joint Research &Ethics Committee

Please read this form carefully. Please ask if you do not understand or would like more 
information.

CONSENT BY THE PARTICIPANT PARENTS

Title of Research: Oro-Dental and Oral Microbial Findings In Children with Chronic
Renal Failure and Kidney Transplantation
Name of Investigator: Abeer AI-Nowiaser

1/ W e ...................................................................................................mother and/or father

of .......................................................................

hereby fully and freely consent for our child to participate in the above research project.

I / We understand and acknowledge that the investigation is designed to promote 
medical knowledge generally and that it will have no direct personal benefit.

1/ We understand that our child might withdraw at any stage of the investigation. And 
that the nature and purpose of the procedures has been detailed to us in an information 
sheets and has been explained to us by Mrs Abeer Al-Nowaiser

Signature .................................................  Date...........................

DECLARATION BY INVESTIGATOR

I confirm that I have provided an information sheet and explained the nature and effect 
of the procedures to the participant mother and/or father and that the consent has been 
given freely and voluntarily.

Signature........................................................

Name...................................................................................
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