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Bacterial infections often cause fatal systemic infections in patients with primary immunodeficiency. To

prevent unfortunate results, the selection, dose, and dosage of antibiotics are extremely important. Here,

we report a case of Wiskott-Aldrich syndrome in a patient undergoing peritoneal dialysis because of

chronic renal failure in whom methicillin-resistant Staphylococcus aureus sepsis developed. Because of the

primary disease and complications, teicoplanin was the only chosen anti-S. aureus drug to prevent side

effects. We used parameter estimation and dosage adjustment from a therapeutic drug monitoring

simulation software program to overcome the challenges with teicoplanin treatment.
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Introduction

During the long-term survival course of patients with
primary immunodeficiency, several complications often
occur, particularly severe multidrug- resistant bacterial
infections, which can affect prognosis. Thus, the selection
of the correct antibiotic and optimal plasma drug concen-
trations is important, especially for multidrug-resistant
organisms, such as methicillin-resistant Staphylococcus
aureus (MRSA).

The area under the blood concentration-time curve/
minimum inhibitory concentration is extremely important
for the antimicrobial activity of glycopeptides, and the
trough value is also an important consideration to pre-
vent side effects. However, drug metabolism varies
among patients; thus, determining the proper dose to
maintain adequate plasma drug concentrations is diffi-
cult. Therefore, therapeutic drug monitoring (TDM) is ex-
tremely important.

Wiskott-Aldrich syndrome is a congenital disease that

is characterized by the triad of thrombocytopenia, refrac-

tory eczema, and immunodeficiency'. However, Wiskott-
Aldrich syndrome also includes autoimmune manifesta-
tions and tumors.

In this paper, we report a case of MRSA sepsis in a pa-
tient with Wiskott-Aldrich syndrome who underwent

peritoneal dialysis because of chronic renal failure.

Case
At 7 years of age, the patient presented with thrombocy-
topenia, refractory eczema, elevated serum immuno-
globulin (Ig)E level, decreased serum IgM level, and re-
current infections. Wiskott-Aldrich syndrome was diag-
nosed with gene analysis (guanine deletion at exon 8 of
the Wiskott-Aldrich syndrome gene [WAS]). At 17 years
of age, acute renal failure developed because of Klebsiella
spp. sepsis. The general condition improved after the pa-
tient was admitted to our hospital, but hematuria and
proteinuria persisted. Although we considered kidney bi-
opsy, we did not perform it because the platelet count

was extremely low (approximately 10,000/pL). On the
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Table 1 Laboratory data on the day of admission

White blood cell 10,120 /mL Alanine aminotransferase 15U/L
Stab cell 2% Lactate dehydrogenase 469 U/L
Segmented cell 83% Creatine kinase 243 U/L
Lymphocyte 4% C-reactive protein 16.23 mg/dL
Monocyte 3% PT-INR 1.16
Eosinophil granulocyte 8% APTT 36.0 sec
Red blood cell 2.2x106 /mL TT-INR 0.93
Hemoglobin 6.7 g/dL Hepaplastin test 98.3%
Hematocrit 21.1% Fibrinogen 399 mg/dL
Platelets 8,000 /mL Fibrinogen degradation products 19.6 mg/mL
Total protein 5.9 g/dL Sodium 139 mEq/L
Albumin 3.0 g/dL Potassium 7.2 mEq/L
Blood urea nitrogen 71.8 mg/dL Chloride 103 mEq/L
Creatinine 13.63 mg/dL Calcium 6.2 mg/dL
Aspartate aminotransferase 19 U/L

PT-INR, international normalized ratio of prothrombin time; APTT, activated partial thromboplastin time; TT-

INR, international normalized ratio of thrombin time

basis of clinical symptoms and previous case reports’, we
suspected an autoimmune kidney disease, such as IgA
nephropathy.

Prednisolone administration was started. Renal func-
tion improved, but the blood pressure gradually in-
creased. Unfortunately, the prednisolone dosage had to
be reduced. As a result, renal function gradually de-
creased. Chronic renal failure eventually developed, and
peritoneal dialysis was started when the patient was 19
years old. At 21 years of age, he was admitted to our
hospital because of continuous bleeding from impetigo of
the right thigh. At the same time, the serum potassium
level was elevated because of peritoneal dialysis had
failed (Table 1). Levofloxacin was administered (500 mg
on the first day, followed by 250 mg every other day), ac-
cording to the Johns Hopkins Antibiotic Guide’.

Maintaining hemostasis of the thigh wound was diffi-
cult, and platelet transfusion was required. The hyperka-
lemia soon decreased with the administration of fu-
rosemide and sodium polystyrene sulfonate. On hospital
day 8, the patient had a high fever, headache, and gen-
eral fatigue. We suspected infection with a drug-resistant
pathogen because levofloxacin had already been adminis-
tered. Meropenem and clindamycin were administered
for empiric therapy after 2 blood samples for blood cul-
ture were collected. In both samples collected the next
day MRSA was detected.

Treatment with teicoplanin was started on hospital day

9. The antibiotics TDM guideline from the Japanese Soci-
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ety of Chemotherapy' recommends that 400 mg (6 mg/
kg) of teicoplanin should be administered twice daily for
the first 3 days and that the trough concentration of tei-
coplanin should be measured on day 4 regardless of re-
nal function. Treatment with teicoplanin was started at a
dose of 400 mg twice daily, but the teicoplanin trough
concentration reached 30.0 ug/mL before the fifth dose
was administered. We decided to re-evaluate the dosage.
We developed 3 patterns and estimated the teicoplanin
trough concentrations of each pattern using parameter
estimation and dosage adjustment (PEDA)’, a TDM simu-
lation software program, on the basis of renal function
(Fig. 1).

On the basis of the simulation, 300 mg of teicoplanin
was administered on day 4 before we confirmed the tei-
coplanin trough concentration. Unexpectedly, the teico-
planin concentration was 29.1 ng/mL teicoplanin was ad-
ministered on day 4 before we confirmed the re-
evaluated his renal function and recalculated the dosage.
We estimated that the teicoplanin concentration was
19.04 pg/mL (Fig. 2A). However, because the teicoplanin
concentration decreased more slowly than expected, re-
calculation was necessary. As a result, we planned to ad-
minister 200 mg of teicoplanin daily until day 17 (Fig. 2
B). We continued to evaluate the teicoplanin concentra-
tion and the efficacy of peritoneal dialysis and to titrate
the dosage per the recalculation results from PEDA and
the patient’s condition (Fig. 2C, D). Finally, we adminis-

tered teicoplanin at irregular intervals for 6 weeks and
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Fig. 1 We formulated 3 treatment patterns and estimated the teicoplanin trough concentrations with each pattern using a therapeutic
drug monitoring simulation software program and the patient’s renal function.
A: Model showing administration of 300 mg twice daily, every 3 days starting on day 4. B: Model showing administration of
300 mg twice daily on day 4 and 400 mg twice daily, every 3 days starting on day 7. C: Model showing administration of 300
mg twice daily on day 4 and 400 mg twice daily, every 5 days starting on day 7. The blue dots show the absolute teicoplanin
blood concentrations. The red line shows the calculated teicoplanin blood concentration. The red dot shows the expected teico-
planin trough concentrations.
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Fig. 2 We recalculated the treatment plan several times based on the absolute teicoplanin concentration and re-evaluated the pa-
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tient’s renal function.

A: After determining the teicoplanin blood concentration on day 4, we created a model showing administration of 300 mg
twice daily on day 11. B: After determining the teicoplanin blood concentrations on days 7, 8, and 9, we created a model show-
ing administration of 200 mg twice daily on day 17. C: After determining the TEIC blood concentration on day 17, we estimat-
ed the teicoplanin blood concentration on day 24. D: After determining the teicoplanin blood concentration on day 24, we de-
veloped the administration plan for the subsequent days.
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were able to eradicate MRSA from the bloodstream.

Discussion

We often encounter MRSA sepsis by translocation from
sites of colonization. The virulence of MRSA does not
differ much from that of methicillin-sensitive S. aureus.
However, an MRSA infection can make a nosocomial in-
fection more difficult to control in immunocompromised
patients. Antibiotics against MRSA are of several types;
therefore, the optimal antibiotic should be selected on the
basis of the patient’s condition and the site of infection.
The TDM of glycopeptides and aminoglycosides is im-
portant to maintain the optimally effective blood concen-
tration and to prevent toxicosis.

To treat the present case of MRSA sepsis, we selected
teicoplanin. Because of the patient’s history of red man
syndrome, vancomycin was excluded as a candidate.
Linezolid reportedly increases the risk of thrombocy-
topenia in patients with renal failure. Therefore, because
the platelet count in this patient was always extremely
low (approximately 10,000/uL), linezolid was also ex-
cluded as a candidate. Daptomycin is a lipopeptide anti-
biotic, whereas vancomycin is a polypeptide antibiotic.
We avoid using daptomycin when preparing for
vancomycin-resistant pathogens. Aminoglycosides ad-
ministered for a long time to patients undergoing perito-
neal dialysis have been associated with a high rate of
ototoxicity’.

Teicoplanin has less renal and skin toxicity than vanco-
mycin, and we are able to analyze teicoplanin blood con-
centrations in our hospital. However, teicoplanin is a
novel glycopeptide with considerable pharmacokinetic
differences from vancomycin in terms of its long elimina-
tion half-life and tricompartmental distribution after in-
travenous administration’. Because teicoplanin is excreted
mainly in urine, renal failure is associated with a pro-
longed half-life and accumulation in the body’. In addi-
tion, no standard regimen has been available for treating
patients with renal failure who are undergoing continu-
ous ambulatory peritoneal dialysis (CAPD).

We decided to devise a treatment plan that considered
the dose and dosing interval. To predict the dose and
dosing interval, patient factors (e.g., liver disease, kidney
disease, hemodialysis, obesity, age, and pharmacokinet-
ics) and drug factors (administration method, dosage
form, and monotherapy or combination therapy) are im-
portant. Although teicoplanin administered at 10 mg/kg
every 24 hours has been proposed for patients undergo-

ing CAPD’, the only pharmacokinetic studies available
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were of single-dose teicoplanin in patients undergoing
CAPD’. No reports have discussed the pharmacokinetics
of multiple doses of teicoplanin administered to patients
with CAPD. In addition, the pharmacokinetics of teico-
planin is significantly affected by inter-individual vari-
ation in albumin concentrations because the protein-
binding capacity of teicoplanin is higher than that of
other antibiotics®.

In the present study, we used PEDA to determine the
pharmacokinetics of teicoplanin in a patient undergoing
CAPD. On the basis of a compartmental model, PEDA
can graph the change in blood concentration with the
dose, blood concentration, distribution volume, and
elimination rate constant. Additionally, we used Bayesian
estimation, with the blood collection time and blood con-
centration for more than 1 sample, and predicted the cor-
rected blood concentration; thus, more accurate treatment
planning was possible. Using this program, we calculated
the teicoplanin pharmacokinetics, established an optimal
dosage regimen, and monitored teicoplanin concentra-
tions.

In conclusion, drug administration with TDM, using
the PEDA program, might be a safe and effective thera-
peutic approach for patients with severe complications,

such as renal failure in congenital immune deficiency.
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