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PCR Testing for Pertussis May Be Too Sensitive

BY PATRICE WENDLING

Chicago Bureau

TORONTO — Bordetella pertussis poly-
merase chain reaction tests can be posi-
tive months after clinical illness, Dr.
Bryan Stone reported in a poster presen-
tation at the annual meeting of the Pedi-
atric Academic Societies.

It took a full 7 months for patients who
initially tested positive for B. pertussis by
polymerase chain reaction (PCR) to con-

vert to a negative status, according to
data from a prospective cohort study of 36
patients.

Rapid PCR testing has a sensitivity of
94%-98%. But there are concerns the test
may be overly sensitive and may produce
clinically irrelevant positives.

Patients with pertussis are believed to be
contagious through the first 21 days of ill-
ness or completion of 5 days of antibiotics.
What hasn’t been known is the length of
time after reported onset of symptoms

that PCR testing remains positive, said
Dr. Stone, medical director of the neuro-
science trauma unit and assistant profes-
sor of pediatrics at the University of Utah,
Salt Lake City.

“What we usually do clinically is, once
we test, we treat for 5 days in isolation
and assume that they are no longer con-
tagious and basically cured, and let them
out of isolation,” Dr. Stone said in an in-
terview. “This has some implications be-
cause these people are clearly still carry-
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Because cross-sensitivity in this class of compounds has been observed, H,-receptor antagonists, including
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Precautions: Generai—1. Symptomatic response to nizatidine therapy does not preclude the presence of gastric
malignancy.

2. Because nizatidine is excreted primarily by the kidney, dosage should be reduced in patients with moderate
to severe renal insufficiency (see Dosage and Administration}.

3. Pharmacokinetic studies in patients with hepatorenal syndrome have not been done. Part of the dose
of nizatidine is metabolized in the liver. In patients with normal renal function and uncomplicated hepatic
dysfunction, the disposition of nizatidine is similar to that in normal subjects.
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with nizatidine.

Drug Interactions—No interactions have been observed between nizatidine and theophylline,
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metabolism are not expected to occur. In patients given very high doses (3,900 mg) of aspirin daily, increases
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Carcinogenesis, Mutagenesis, Impairment of Fertifity—A 2-year oral carcinogenicity study in rats with doses
as high as 500 mg/kg/day (about 13 fimes the recommended human dose based on body surface area) showed
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and somewhat hepatotoxic dose, with no evidence of a carcinogenic effect in rats, male mice, and female mice
{given up to 360 mg/kg/day, about 5 times the recommended human dose based on body surface area), and
a negative mutagenicity battery are not considered evidence of a carcinogenic potential for nizatidine.

Nizatidine was not mutagenic in a battery of tests performed to evaluate its potential genetic toxicity, including
bacterial mutation tests, unscheduled DNA synthesis, sister chromatid exchange, mouse lymphoma assay,
chromosome aberration tests, and a micronucleus test.

In a 2-generation, perinatal and postnatal fertility study in rats, doses of nizatidine up to 650 mg/kg/day (about
17.5 times the recommended human dose based on body surface area) produced no adverse effects on the
reproductive performance of parental animals or their progeny.

Pregnancy—Teratogenic Effects—Pregnancy Category B—Oral reproduction studies in pregnant rats
at doses up to 1500 mg/kg/day (about 40.5 times the recommended human dose based on body surface area)
and in pregnant rabbits at doses up to 275 mg/kg/day (about 14.6 times the recommended human dose based
on body surface area) have revealed no evidence of impaired fertility or harm to the fetus due to nizatidine. There
are, however, no adequate and well-controlled studies in pregnant women. Because animal reproduction studies
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Nursing Mothers—Studies conducted in lactating women have shown that 0.1% of the administered oral dose
of nizatidine is secreted in human milk in proportion to plasma concentrations. Because of the growth depression
in pups reared by lactating rats treated with nizatidine, a decision should be made whether
to discontinue nursing or discontinue the drug, taking into account the importance of the drug to the mother.

Pediatric Use— Effectiveness in pediatric patients <12 years of age has not been established. Use of nizatidine
in pediatric patients from 12 to 18 years of age is supported by evidence from published pediatric literature,
adequate and well-controlled published studies in adults, and by the following adequate and well-controlled studies
in pediatric patients: (see DOSAGE AND ADMINISTRATION)

Clinical Trials {Pediatric). In randomized studies, nizatidine was administered to pediatric patients for up to eight
weeks, using age appropriate formulations. A total of 230 pediatric patients from 2 to 18 years of age were
administered nizatidine at a dose of either 2.5 mg/kg b.i.d., or 5.0 mg/kg b.i.d., (patients 12 years and under)
or 150 mg h.i.d. (12 to 18 years). Patients were required to have either symptomatic, clinically suspected or
endoscopically diagnosed GERD with age-relevant symptoms. In patients 2 to 18 years of age, nizatidine was found
generally safe and well-tolerated. In these studies in patients 12 years and older, nizatidine was found to reduce the
severity and frequency of GERD symptoms, improve physical well-being, and reduce the frequency of supplemental
antacid consumption. No efficacy in pediatric patients <12 years of age has been established. Clinical studies
in patients 2 to 12 years of age with GERD, demonstrated no difference in either symptom improvements or healing
rates between nizatidine and placebo or between different doses of nizatidine.

Geriatric Use—0f the 955 patients in clinical studies who were treated with nizatidine, 337 (35.3%) were
65 and older. No overall differences in safety or effectiveness were observed between these and younger
subjects. Other reported clinical experience has not identified differences in responses between the elderly and
youngcr patients, but greater sensitivity of some older individuals cannot be ruled out.

This drug is known to be substantially excreted by the kidney, and the risk of toxic reactions to this drug may be
greater in patients with impaired renal function. Because elderly patients are more likely to have decreased renal
function, care should be taken in dose selection, and it may be useful to monitor renal function {see Dosage and
Administration).

Adverse Reactions in Adults: Worldwide, controlled clinical trials of nizatidine included over 6,000 patients
given nizatidine in studies of varying durations. Placebo-controlled trials in the United States and Canada
included over 2,600 patients given nizatidine and over 1,700 given placebo. Among the adverse events in these
placebo-controlled trials, anemia (0.2% vs 0%) and urticaria (0.5% vs 0.1%) were significantly more common
in the nizatidine group.

Incidence in Placebo-Controlied Clinical Trials in the United States and Canada—Table 7 lists adverse
events that occurred at a frequency of 1% or more among nizatidine-treated patients who participated in
placebo-controlled trials. The cited figures provide some basis for estimating the relative contribution of drug and
non-drug factors to the side-effect incidence rate in the population studied.

Table 7.
of Emergent Adverse Events in Placebo-Controlled Glinical Trials
in the United States and Canada

Percentage of Patients Percentage of Patients
Reporting Event Reporting Event
Body System/ Nizatidine  Placebo Body System/ Nizatidine  Placebo
Adverse Event” {N=2,694) (N=1,729) Adverse Event” {N=2,694) {N=1,729)
Body as a Whole Nervous
Headache 16.6 15.6 Dizziness 4.6 38
Pain 42 38 Insomnia 27 34
Asthenia 3.1 29 Abnormal dreams 1.9 1.9
Chest pain 23 21 Somnolence 19 186
Infection 1.7 1.1 Anxiety 1.8 14
Injury, accident 1.2 0.9 Nervousness 1.1 0.8
Digestive Respiratory
Diarrhea 72 6.9 Rhinitis 98 9.6
Dry mouth 1.4 1.3 Pharyngitis 33 341
Tooth disorder 1.0 0.8 Sinusitis 24 2.1
Musculoskeletal Cough, increased 2.0 2.0
Myalgia 1.7 1.5 Skin and Appendages
Rash 19 2.1
Pruritus 17 1.3
Special Senses
Amblyopia 1.0 09
*Events reported by at least 1% of nizatidine-treated patients are included. AX-5722T
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A variety of less common events were also reported; it was not possible to determine whether these were
caused by nizatidine.

Hepatic—Hepatocellular injury, evidenced by elevated liver enzyme tests (SGOT [AST], SGPT [ALT], or alkaline
phosphatase), occurred in some patients and was possibly or probably related to nizatidine. In some cases, there
was marked elevation of SGOT, SGPT enzymes (greater than 500 IU/L} and, in a single instance, SGPT was greater
than 2,000 IU/L. The overall rate of occurrences of elevated liver enzymes and elevations to 3 times the upper limit
of normal, however, did not significantly differ from the rate of liver enzyme abnormalities in placebo-treated
patients. All abnormalities were reversible after discontinuation of nizatidine. Since market introduction, hepatitis
and jaundice have been reported. Rare cases of cholestatic or mixed hepatocellular and cholestatic injury with
jaundice have been reported with reversal of the abnormalities after discontinuation of nizatidine.

Cardigvascular—In clinical pharmacology studies, short episodes of asymptomatic ventricular tachycardia
occurred in 2 individuals administered nizatidine and in 3 untreated subjects.

CNS—Rare cases of reversible mental confusion have been reported.

Endocrine—Clinical pharmacology studies and controlled clinical trials showed no evidence of antiandrogenic
activity due to nizatidine. Impotence and decreased libido were reported with similar frequency by patients who
received nizatidine and by those given placebo. Rare reports of gynecomastia occurred.

Hematologic—Anemia was reported significantly more frequently in nizatidine- than in placebo-treated
patients. Fatal thrombocytopenia was reported in a patient who was treated with nizatidine and another
H,-receptor antagonist. On previous occasions, this patient had experienced thrombocytopenia while taking other
drugs. Rare cases of thrombocytopenic purpura have been reported.

Integumental— Sweating and urticaria were reported significantly more frequently in nizatidine- than
in placebo-treated patients. Rash and exfoliative dermatitis were also reported. Vasculitis has been reported rarely.

Hypersensitivity— As with other H,-receptor antagonists, rare cases of anaphylaxis following administration
of nizatidine have been reported. Rare episodes of hypersensitivity reactions (eg, bronchospasm, laryngeal edema,
rash, and eosinophilia} have been reported.

Body as a Whole—Serum sickness-like reactions have occurred rarely in conjunction with nizatidine use.

Genitourinary— Reports of impotence have occurred.

Other—Hyperuricemia unassociated with gout or nephrolithiasis was reported. Eosinophilia, fever, and nausea
related to nizatidine administration have been reported.

Adverse Reactions (Pediatric): In controlled clinical frials in pediatric patients (age 2 to 18 years), nizatidine was
found to be generally safe and well tolerated. The principal adverse experiences (> 5%) were pyrexia,
nasopharyngitis, diarrhea, vomiting, irritability, nasal congestion and cough. Most adverse events were mild
or moderate in severity. Mild elevations in serum transaminase (1-2 x ULN) were noted in some patients.
One subject experienced a seizure by EEG diagnosis after taking Axid Oral Solution 2.5 mg/kg b.i.d. for 23 days.
The adverse reactions reported for nizatidine may also occur with Axid Oral Solution.

Overdosage: Overdoses of nizatidine have been reported rarely. The following is provided to serve as a guide
should such an overdose be encountered.

Signs and Symptoms—There is little clinical experience with overdosage of nizatidine in humans. Test animals
that received large doses of nizatidine have exhibited cholinergic-type effects, including lacrimation, salivation,
emesis, miosis, and diarrhea. Single oral doses of 800 mg/kg in dogs and of 1,200 mg/kg in mankeys were not
lethal. Intravenous median lethal doses in the rat and mouse were 301 mg/kg and 232 mg/kg, respectively.

In the two 8-week pediatric exposure trials of nizatidine in 256 pediatric patients, there were no cases
of deliberate overdosage. In one study of nizatidine 10 ma/kg/day, drug compliance rates up to 7.5% above
100% compliance were not associated with clinically significant adverse events.

Treatment—To obtain up-to-date information about the treatment of overdose, a good resource is your certified

Regional Poison Control Center. Telephone numbers of certified Paison Control Centers are listed in the Physicians’

Desk Reference (PDR). In managing overdosage, consider the possibility of multiple drug overdoses, interaction
among drugs, and unusual drug kinetics in your patient.

If overdosage occurs, use of activated charcoal, emesis, or lavage should be considered along with clinical
monitoring and supportive therapy. The ability of hemodialysis to remove nizatidine from the body has not been
conclusively demonstrated; however, due to its large volume of distribution, nizatidine is not expected to be
efficiently removed from the body by this method.

Dosage and Administration:

Active Duodenal Ulcer—The recommended oral dosage for adults is 300 mg once daily at bedtime.
An alternative dosage regimen is 150 mg twice daily.

Maintenance of Healed Duodenal Uleer—The recommended oral dosage for adults is 150 mg once daily
at bedtime.

G

/ Reflux Disease—The recommended oral dosage in adults for the treatment of erosions,
ulcerations, and associated heartburn is 150 mg twice daily.

Active Benign Gastric Ulcer—The recommended oral dosage is 300 mg given either as 150 mg twice daily
or 300 mg once daily at bedtime. Prior to treatment, care should be taken to exclude the possibility of malignant
gastric ulceration.

Each mL of Axid Oral Solution contains 15 mg of nizatidine. In adults, Axid Oral Solution may be substituted
for any of the above indications using equivalent doses of the oral selution.

Pediatric Dosing—Each mL of oral solution contains 15 mg of nizatidine. Axid Oral Solution is indicated
for pediatric patients 12 years of age or older. For pediatric patients 12 years of age and older, the dosage
of nizatidine is 150 mg b.i.d. {2 tsp, b.i.d.}

The following dosage recommendations are provided:

i itis—For pediatric patients 12 years or older, the dosage is 150 mg b.i.d. (300 mg/d).
The maximum daily dose for nizatidine PO is 300 mg/d. The dosing duration may be up to eight weeks.

Gastroesophageal Reflux Disease—For pediatric patients 12 years or older, the dosage is 150 mg b.i.d.
(300 mg/d). The maximum daily dose for nizatidine PO is 300 mg/d. The dosing duration may be up to eight weeks.

Dosage Adjustment for Patients With Moderate to Severe Renal Insufficiency—The dose for patients with renal
dysfunction should be reduced as follows:

Active Duodenal Ulcer, GERD, and Benign Gastric Ulcer Maintenance Therapy
Creatine Clearance Dose Creatine Clearance Dose
20-50 mL/min 150 mg daily 20-50 mL/min 150 mg every other day
<20 mL/min 150 mg every other day <20 mL/min 150 mg every 3 days

Some elderly patients may have creatinine clearances of less than 50 mL/min, and, based on pharmacokinetic
data in patients with renal impairment, the dose for such patients should be reduced accordingly. The clinical
effects of this dosage reduction in patients with renal failure have not been evaluated.

Based on the pharmacokinetic data in elderly patients with renal impairment, pediatric patients with creatinine
clearances less than 50 mL/min should have their dose of nizatidine reduced accordingly. The clinical effects
of this dose reduction in pediatric patients with renal failure have not been evaluated.
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ing this organism for weeks and months;
and all of these patients were treated
with antibiotics.”

The analysis was based on 36 partici-
pants providing 61 samples taken over a
range of 4 days to 204 days from onset of
symptoms. Thirteen “index” cases were
PCR-positive infants admitted to a ter-
tiary care center and 23 were in close con-
tact with an infected infant and had a
cough lasting 7 or more days. The mean
age of the index cases was 78 days, and
none had received any pertussis immu-
nizations.

Testing occurred weekly for 3 weeks
and then monthly or every other month
for 12 months, or until the test became
negative. Overall, 15 patients allowed ser-
ial sampling; 16 allowed only one sample;
and 5 were initially negative, but remained
ill for more than 21 days from onset of
symptoms.

Antibiotics were started 4-136 days after
onset of symptoms, and from 35 days pri-

A PCR-positive
result may
confound the
diagnosis of
cough illness in
certain patients.

DR. STONE

or to 1 day after enrollment. There was no
difference in antibiotic exposure in pa-
tients who tested PCR positive or negative,
Dr. Stone and his associates reported.

Half of the participants remained PCR
positive between 60 and 150 days after on-
set of symptoms. Post-tussive emesis,
cyanosis, and hypoxemia by pulse oxime-
try were more common in PCR-positive
patients, while sore throat and rhinorrhea
were more common in PCR-negative pa-
tients. But the sample numbers were in-
sufficient for significance.

The findings have not changed PCR
testing at Dr. Stone’s institution. But they
have raised the index of suspicion in the
clinical setting, as a PCR-positive result
may confound the diagnosis of cough ill-
ness in patients who have had a pertussis
infection in the prior 6 months, but are not
currently infected, Dr. Stone said.

“I think it’s going to have to be taken
into clinical context a lot more strongly,”
he said. “We can’t just say, ‘Oh this PCR
was positive, this patient has pertussis.” We
have to put it into clinical context.”

The study was prompted by a case in
which a 7-week-old infant was admitted to
the pediatric intensive care unit for respi-
ratory failure and seizure with a prolonged
6-week hospital course, only to be read-
mitted with coughing paroxysm and clas-
sic whoop 17 days after discharge and 58
days after onset of symptoms and initia-
tion of treatment. At both admissions, per-
tussis PCR was positive and direct fluo-
rescent antibody culture negative. It was
unclear whether she had pertussis again,
a macrolide-resistant organism or simply
a persisting positive PCR—raising the
question as to the duration of PCR posi-
tivity, Dr. Stone explained. m
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