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Summary

The recommendations in this report were developed to broaden the spectrum of antimicrobial
agents that are available for treatment and postexposure prophylaxis of pertussis. They include
updated information on macrolide agents other than erythromycin (azithromycin and clarithromycin)
and their dosing schedule by age group.

Introduction

Pertussis is an acute bacterial infection of the respiratory tract that is caused by Bordetella
pertussis, a gram-negative bacterium (Box 1). B. pertussis is a uniquely human pathogen that is
transmitted from an infected person to susceptible persons, primarily through aerosolized droplets
of respiratory secretions or by direct contact with respiratory secretions from the infected person.

Disease Burden

The Council of State and Territorial Epidemiologists (CSTE) reviewed and approved a standard

case definition for pertussis in June 1997 (7,2) (Box 2). The national pertussis surveillance system
is passive and relies on physicians to report cases of pertussis to state and local health
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departments, which then report cases of pertussis weekly to the National Notifiable Diseases
Surveillance System (NNDSS). The reports are transmitted to CDC through the National Electronic
Telecommunications System for Surveillance (NETSS) and contain demographic data and
supplemental clinical and epidemiologic information for each reported pertussis case.

Despite high childhood vaccination coverage levels for pertussis vaccine (3,4), pertussis remains a
cause of substantial morbidity in the United States. Pertussis is the only disease for which universal
childhood vaccination is recommended that has an increasing trend in reported cases in the United
States. The disease is endemic in the United States with epidemic cycles every 3--4 years. In the
early vaccine years during 1922--1940, an average annual rate of 150 per 100,000 population was
reported (5,6). After introduction of universal vaccination during the 1940s, the incidence of reported
pertussis declined dramatically to approximately one case per 100,000 population.

During the preceding 3 decades, reports of pertussis steadily increased again in the United States,
from a nadir of 1,010 cases in 1976 (3) to 25,827 in 2004 (2004 rate: 8.5 cases per 100,000
population) (7); the number of reported pertussis cases in 2004 was the highest since 1959.
Increased awareness and improved recognition of pertussis among clinicians, greater access to and
use of laboratory diagnostics (especially extensive polymerase chain reaction [PCR] testing), and
increased surveillance and reporting of pertussis by public health departments could have
contributed to the increase in reported cases (8). Some of the reported increase might constitute a
real increase in the incidence of pertussis (9). Although infants have the highest incidence of
pertussis of any age group, adolescents and adults account for the majority of reported cases.

Clinical Manifestations

The incubation period of pertussis averages 7--10 days (range: 5--21 days) (6,70) and has been
reported to be as long as 6 weeks (17,72). Pertussis has an insidious onset with catarrhal
symptoms (nasal congestion, runny nose, mild sore-throat, mild dry cough, and minimal or no fever)
that are indistinguishable from those of minor respiratory tract infections. Some infants can have
atypical disease and initially have apneic spells and minimal cough or other respiratory symptoms.
The catarrhal stage last approximately 1--2 weeks. The cough, which is initially intermittent,
becomes paroxysmal. A typical paroxysm is characterized by a succession of coughs that follow
each other without inspiration. Paroxysms terminate in typical cases with inspiratory "whoop" and
can be followed by posttussive vomiting. Although children are often exhausted after a coughing
paroxysm, they usually appear relatively well between episodes. Paroxysms of cough usually
increase in frequency and severity as the iliness progresses and usually persist for 2--6 weeks.
Paroxysms can occur more frequently at night. The illness can be milder and the characteristic
whoop absent in children, adolescents, and adults who were previously vaccinated.

Convalescence is gradual and protracted. The severity of illness wanes, paroxysms subside, and
the frequency of coughing bouts decreases. A nonparoxysmal cough can continue for 2--6 weeks or
longer. During the recovery period, superimposed viral respiratory infections can trigger a
recurrence of paroxysms.

Patients with pertussis often have substantial weight loss and sleep disturbance (713). Conditions
resulting from the effects of the pressure generated by severe coughing include pneumothorax,
epistaxis, subconjunctival hemorrhage, subdural hematoma, hernia, rectal prolapse, urinary
incontinence, and rib fracture (74). Some infections are complicated by primary or secondary
bacterial pneumonia and otitis media. Infrequent neurologic complications include seizures and
hypoxic encephalopathy.

Adolescents and adults with unrecognized or untreated pertussis contribute to the reservoir of B.
pertussis in the community. Patients with pertussis are most infectious during the catarrhal stage
and during the first 3 weeks after cough onset. Pertussis is highly infectious; the secondary attack
rate exceeds 80% among susceptible persons (75,16). Unvaccinated or incompletely vaccinated
infants aged <12 months have the highest risk for severe and life-threatening complications and
death (5,8,17--25).

Differential Diagnosis

The differential diagnoses of pertussis include infections caused by other etiologic agents, including
adenoviruses, respiratory syncytial virus, Mycoplasma pneumoniae, Chlamydia pneumoniae, and
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other Bordetella species such as B. parapertussis, and rarely B. bronchoseptica (26) or B. holmseii
(27). Despite increasing awareness and recognition of pertussis as a disease that affects
adolescents and adults, pertussis is overlooked in the differential diagnosis of cough illness in this
population (28).

Prevention

Vaccination of susceptible persons is the most important preventive strategy against pertussis.
Universal childhood pertussis vaccine recommendations have been implemented since the mid-
1940s. For protection against pertussis during childhood, the Advisory Committee on Immunization
Practices (ACIP) recommends 5 doses of diphtheria and tetanus toxoid and acellular pertussis
(DTaP) vaccine at ages 2, 4, 6, 15--18 months, and 4--6 years (29). Childhood vaccination coverage
for pertussis vaccines has been at an all-time high (4). However, neither vaccination nor natural
disease confers complete or lifelong protective immunity against pertussis or reinfection. Immunity
wanes after 5--10 years from the last pertussis vaccine dose (3,8,30--34). Older children,
adolescents, and adults can become susceptible to pertussis after a complete course of vaccination
during childhood.

During spring of 2005, two Tetanus Toxoid and Reduced Diphtheria Toxoid and Acellular Pertussis
vaccines adsorbed (Tdap) formulated for adolescents and adults were licensed in the United States

(BOOSTRIX®, GlaxoSmithKline Biologicals, Rixensart, Belgium and ADACEL, Sanofi Pasteur,
Toronto, Ontario, Canada). ACIP voted to recommend a single dose of Tdap for adolescents aged
11--18 years in June 2005 and adults aged 19--64 years in October 2005.

Treatment of Pertussis

Maintaining high vaccination coverage rates among preschool children, adolescents, and adults and
minimizing exposures of infants and persons at high risk for pertussis is the most effective way to
prevent pertussis. Antibiotic treatment of pertussis and judicious use of antimicrobial agents for
postexposure prophylaxis will eradicate B. pertussis from the nasopharynx of infected persons
(symptomatic or asymptomatic). A macrolide administered early in the course of iliness can reduce
the duration and severity of symptoms and lessen the period of communicability (35). Approximately
80%--90% of patients with untreated pertussis will spontaneously clear B. pertussis from the
nasopharynx within 3--4 weeks from onset of cough (36); however, untreated and unvaccinated
infants can remain culture-positive for >6 weeks (37). Close asymptomatic contacts (38) (Box 3)
can be administered postexposure chemoprophylaxis to prevent secondary cases; symptomatic
contacts should be treated as cases.

Erythromycin, a macrolide antibiotic, has been the antimicrobial of choice for treatment or
postexposure prophylaxis of pertussis. It is usually administered in 4 divided daily doses for 14
days. Although effective for treatment (Table 1) and postexposure prophylaxis (Table 2),
erythromycin is accompanied by uncomfortable to distressing side effects that result in poor
adherence to the treatment regimen. During the last decade, in vitro studies have demonstrated the
effectiveness against B. pertussis of two other macrolide agents (azithromycin and clarithromycin)
(67--64). Results from in vitro studies are not always replicated in clinical studies and practice. A
literature search and review was conducted for in vivo studies and clinical trials that were conducted
during 1970--2004 and used clarithromycin or azithromycin for the treatment and prophylaxis of
pertussis (Table 3). On the basis of this review, guidelines were developed to broaden the spectrum
of macrolide agents available for pertussis treatment and postexposure prophylaxis and are
presented in this report to update previous CDC recommendations (77). Treatment and
postexposure prophylaxis recommendations are made on the basis of existing scientific evidence
and theoretical rationale.

Recommendations

l. General Principles

A. Treatment. The macrolide agents erythromycin, clarithromycin, and azithromycin are preferred
for the treatment of pertussis in persons aged >1 month. For infants aged <1 month, azithromycin
is preferred; erythromycin and clarithromycin are not recommended. For treatment of persons aged
>2 months, an alternative agent to macrolides is trimethoprim-sulfamethoxazole (TMP--SMZ) (Table
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4).

The choice of antimicrobial for treatment or prophylaxis should take into account effectiveness,
safety (including the potential for adverse events and drug interactions), tolerability, ease of
adherence to the regimen prescribed, and cost. Azithromycin and clarithromycin are as effective as
erythromycin for treatment of pertussis in persons aged >6 months, are better tolerated, and are
associated with fewer and milder side effects than erythromycin. Erythromycin and clarithromycin,
but not azithromycin, are inhibitors of the cytochrome P450 enzyme system (CYP3A subclass) and
can interact with other drugs that are metabolized by this system. Azithromycin and clarithromycin
are more resistant to gastric acid, achieve higher tissue concentrations, and have a longer half-life
than erythromycin, allowing less frequent administration (1--2 doses per day) and shorter treatment
regimens (5--7 days). Erythromycin is available as generic preparations and is considerably less
expensive than azithromycin and clarithromycin.

B. Postexposure prophylaxis. A macrolide can be administered as prophylaxis for close contacts
of a person with pertussis if the person has no contraindication to its use. The decision to
administer postexposure chemoprophylaxis is made after considering the infectiousness of the
patient and the intensity of the exposure, the potential consequences of severe pertussis in the
contact, and possibilities for secondary exposure of persons at high risk from the contact (e.g.,
infants aged <12 months). For postexposure prophylaxis, the benefits of administering an
antimicrobial agent to reduce the risk for pertussis and its complications should be weighed against
the potential adverse effects of the drug. Administration of postexposure prophylaxis to
asymptomatic household contacts within 21 days of onset of cough in the index patient can prevent
symptomatic infection. Coughing (symptomatic) household members of a pertussis patient should
be treated as if they have pertussis. Because severe and sometimes fatal pertussis-related
complications occur in infants aged <12 months, especially among infants aged <4 months,
postexposure prophylaxis should be administered in exposure settings that include infants aged
<12 months or women in the third trimester of pregnancy. The recommended antimicrobial agents
and dosing regimens for postexposure prophylaxis are the same as those for treatment of pertussis
(Table 4).

C. Special considerations for infants aged <6 months when using macrolides for treatment
or postexposure prophylaxis. The U.S. Food and Drug Administration (FDA) has not licensed any
macrolide for use in infants aged <6 months. Data on the safety and efficacy of azithromycin and
clarithromycin use among infants aged <6 months are limited.

Data from subsets of infants aged 1--5 months (enrolled in small clinical studies) suggest similar
microbiologic effectiveness of azithromycin and clarithromycin against pertussis as with older
infants and children. If not treated, infants with pertussis remain culture-positive for longer periods
than older children and adults (36,72). These limited data support the use of azithromycin and
clarithromycin as first-line agents among infants aged 1--5 months, based on their in vitro
effectiveness against B. pertussis, their demonstrated safety and effectiveness in older children and
adults, and more convenient dosing schedule.

For treatment of pertussis among infants aged <1 month (neonates), no data are available on the
effectiveness of azithromycin and clarithromycin. Abstracts and published case series describing
use of azithromycin among infants aged <1 month report fewer adverse events compared with
erythromycin (73); to date, use of azithromycin in infants aged <1 month has not been associated
with infantile hypertrophic pyloric stenosis (IHPS). Therefore, for pertussis, azithromycin is the
preferred macrolide for postexposure prophylaxis and treatment of infants aged <1 month. In this
age group, the risk for acquiring severe pertussis and its life-threatening complications outweigh the
potential risk for IHPS that has been associated with erythromycin (74). Infants aged <1 month who
receive a macrolide should be monitored for IHPS and other serious adverse events.

D. Safety. A comprehensive description of the safety of the recommended antimicrobials is available
in the package insert, or in the latest edition of the Red Book: Pharmacy's Fundamental Reference.
A macrolide is contraindicated if there is history of hypersensitivity to any macrolide agent (Table 5).
Neither erythromycin nor clarithromycin should be administered concomitantly with astemizole,
cisapride, pimazole, or terfenadine. The most commonly reported side effects of oral macrolides are
gastrointestinal (e.g., nausea, vomiting, abdominal pain and cramps, diarrhea, and anorexia) and
rashes; side effects are more frequent and severe with erythromycin use.

Il. Specific Antimicrobial Agents



1. Azithromycin. Azithromycin is available in the United States for oral administration as
azithromycin dihydrate (suspension, tablets, and capsules). It is administered as a single daily
dose.

Recommended regimen:

¢ Infants aged <6 months: 10 mg/kg per day for 5 days.

¢ Infants and children aged >6 months: 10 mg/kg (maximum: 500 mg) on day 1, followed by 5
mg/kg per day (maximum: 250 mg) on days 2--5.

¢ Adults: 500 mg on day 1, followed by 250 mg per day on days 2--5.

¢ Side effects include abdominal discomfort or pain, diarrhea, nausea, vomiting, headache,
and dizziness. Azithromycin should be prescribed with caution to patients with impaired
hepatic function. All patients should be cautioned not to take azithromycin and aluminum- or
magnesium-containing antacids simultaneously because the latter reduces the rate of
absorption of azithromycin. Monitoring of patients is advised when azithromycin is used
concomitantly with agents metabolized by the cytochrome P450 enzyme system and with
other drugs for which the pharmacokinetics change (e.g., digoxin, triazolam, and ergot
alkaloids). Drug interactions reactions similar to those observed for erythromycin and
clarithromycin have not been reported. Azithromycin is classified as an FDA Pregnancy
Category B drug (75).

2. Erythromycin. Erythromycin is available in the United States for oral administration as
erythromycin base (tablets and capsules), erythromycin stearate (tablets), and erythromycin
ethylsuccinate (tablets, powders, and liquids). Because relapses have been reported after
completion of 7--10 days of treatment with erythromycin, a 14-day course of erythromycin is
recommended for treatment of patients with pertussis or for postexposure prophylaxis of close
contacts of pertussis patients (76).

Recommended regimen:

¢ Infants aged <1 month: not preferred because of risk for IHPS. Azithromycin is the
recommended antimicrobial agent. If azithromycin is unavailable and erythromycin is used,
the dose is 40--50 mg/kg per day in 4 divided doses. These infants should be monitored for
IHPS.

e Infants aged >1 month and older children: 40--50 mg/kg per day (maximum: 2 g per day) in 4
divided doses for 14 days.

e Adults: 2 g per day in 4 divided doses for 14 days

Gastrointestinal irritation, including epigastric distress, abdominal cramps, nausea, vomiting, and
diarrhea, are the most common adverse effects associated with oral administration of erythromycin.
Symptoms are dose-related. Some formulations with enteric-coated tablets and the ester
derivatives (e.g., ethylsuccinate) can be taken with food to minimize these side effects.
Hypersensitivity reactions (e.g., skin rashes, drug fever, or eosinophilia), cholestatic hepatitis, and
sensorineural hearing loss have occurred after administration of macrolides; severe reactions such
as anaphylaxis are rare.

An increased risk for IHPS has been reported in neonates during the month after erythromycin
administration. In one case, pyloric stenosis occurred in a breastfeeding infant whose mother took
erythromycin. In 1999, a cluster of seven cases of IHPS were reported among neonates (all aged
<3 weeks when prophylaxis was started) who had taken erythromycin after exposure to a pertussis
patient. In a cohort study, erythromycin prophylaxis was causally associated with IHPS (seven
cases out of 157 erythromycin exposed infants versus zero cases out of 125 infants with no
erythromycin exposure (relative risk: infinity [95% confidence interval = 1.7--infinity]).

The high case-fatality ratio of pertussis in neonates underscores the importance of preventing
pertussis among exposed infants. Health-care providers who prescribe erythromycin rather than
azithromycin to newborns should inform parents about the possible risks for IHPS and counsel them
about signs of IHPS.

Erythromycin is contraindicated if there is history of hypersensitivity to any macrolide agent.
Erythromycin should not be administered concomitantly with astemizole, cisapride, pimazole, or
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terfenadine. Rare cases of serious cardiovascular adverse events, including electrocardiographic
QT/QT. interval prolongation, cardiac arrest, torsades de pointes, and other ventricular arrhythmias,

have been observed after concomitant use of erythromycin with these drugs.

Erythromycin is an inhibitor of the cytochrome P450 enzyme system (CYP3A subclass).
Coadministration of erythromycin and a drug that is primarily metabolized by CYP3A can result in
elevations in drug concentrations that could increase or prolong both the therapeutic and adverse
effects of the concomitant drug. Drugs that are metabolized by CYP3A include alfentanil,
bromocriptine, cyclosporine, carbamazepine, cilostazol, disopyramide, dihydroergotamine,
ergotamine, lovastatin and simvastatin, methylprednisolone, quinidine, rifabutin, vinblastine,
tacrolimus, triazolo-benzodiazepines (e.g., triazolam and alprazolam) and related benzodiazepines,
and sildenafil. In addition, reports exists of drug interactions of erythromycin with drugs not thought
to be metabolized by CYP3A, including zidovudine, hexobarbital, phenytoin, and valproate,
theophylline, digoxin, and oral anticoagulants.

Erythromycin is classified as an FDA Pregnancy Category B drug (76). Animal reproduction studies
have failed to demonstrate a risk to the fetus, but no adequate or well-controlled studies in humans
exist.

3. Clarithromycin. Clarithromycin is available in the United States for oral administration as
granules for oral suspension and tablets.

Recommended regimen:

¢ Infants aged <1 month: not recommended.

¢ Infants and children aged >1 month: 15 mg/kg per day (maximum: 1 g per day) in 2 divided
doses each day for 7 days.

e Adults: 1 g per day in two divided doses for 7 days.

The most common adverse effects associated with clarithromycin include epigastric distress,
abdominal cramps, nausea, vomiting, and diarrhea. Hypersensitivity reactions (e.g., skin rashes,
drug fever, or eosinophilia), hepatotoxicity, and severe reactions such as anaphylaxis are rare.
Because of its similarity to erythromycin, both chemically and metabolically, clarithromycin should
not be administered to infants aged <1 month because it is unknown if the drug can be similarly
associated with IHPS. The drug is contraindicated if there is history of hypersensitivity to any
macrolide agent. Similar to erythromycin, clarithromycin should not be administered concomitantly
with astemizole, cisapride, pimazole, or terfenadine. Clarithromycin inhibits the cytochrome P450
enzyme system (CYP3A subclass), and coadministration of clarithromycin and a drug that is
primarily metabolized by CYP3A can result in elevations in drug concentrations that could increase
or prolong both the therapeutic and adverse effects of the concomitant drug. Clarithromycin can be
administered without dosage adjustment in patients with impaired hepatic function and normal renal
function; however, drug dosage and interval between doses should be reassessed in the presence
of impaired renal function. Clarithromycin is classified by FDA as a Pregnancy Category C drug
(76). Animal reproduction studies have shown an adverse effect on the fetus; no adequate or well-
controlled studies in humans exist.

4. Alternate agent (TMP--SMZ). Data from clinical studies indicate that TMP--SMZ is effective in
eradicating B. pertussis from the nasopharynx (64,77,78). TMP--SMZ is used as an alternative to a
macrolide antibiotic in patients aged >2 months who have contraindication to or cannot tolerate
macrolide agents, or who are infected with a macrolide-resistant strain of B. pertussis. Macrolide-
resistant B. pertussis is rare. Because of the potential risk for kernicterus among infants, TMP--SMZ
should not be administered to pregnant women, nursing mothers, or infants aged <2 months.

Recommended regimen (79):

e Infants aged <2 months: contraindicated.

¢ Infants aged >2 months and children: trimethoprim 8 mg/kg per day, sulfamethoxazole 40
mg/kg per day in 2 divided doses for 14 days.

o Adults: trimethoprim 320 mg per day, sulfamethoxazole 1,600 mg per day in 2 divided doses
for 14 days.

Patients receiving TMP-SMZ might experience gastrointestinal adverse effects, hypersensitivity skin
reactions, and rarely, Stevens-Johnson syndrome, toxic epidermal necrolysis, blood dyscrasias,
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and hepatic necrosis. TMP--SMZ is contraindicated if there is known hypersensitivity to
trimethoprim or sulfonamides. TMP--SMZ should be prescribed with caution to patients with
impaired hepatic and renal functions, folate deficiency, blood dyscrasias, and in older adults
because of the higher incidence of severe adverse events. Patients taking TMP--SMZ should be
instructed to maintain an adequate fluid intake to prevent crystalluria and renal stones. Drug
interactions must be considered when TMP--SMZ is used concomitantly with drugs, including
methotrexate, oral anticoagulants, antidiabetic agents, thiazide diuretics, anticonvulsants, and other
antiretroviral drugs. TMP--SMZ is classified by FDA as a Pregnancy Category C drug (76). Animal
reproduction studies have indicated an adverse effect on the fetus; no adequate or well-controlled
studies in humans exist.

5. Other antimicrobial agents. Although in vitro activity against B. pertussis has been
demonstrated for other macrolides such as roxithromycin and ketolides (e.qg., telithromycin) (60), no
published data exist on the clinical effectiveness of these agents.

Other antimicrobial agents such as ampicillin, amoxicillin, tetracycline, chloramphenicol,
fluoroquinolones (e.g., ciprofloxacin, levofloxacin, ofloxacin, moxifloxacin), and cephalosporins
exhibit various levels of in vitro inhibitory activity against B. pertussis, but in vitro inhibitory activity
does not predict clinical effectiveness. The clinical effectiveness of these agents for treatment of
pertussis has not been demonstrated. For example, both ampicillin and amoxicillin were ineffective
in clearing B. pertussis from nasopharynx (80). Poor penetration into respiratory secretions was
proposed as a possible mechanism for failure to clear B. pertussis from the nasopharynx (87). The
minimum inhibitory concentration of B. pertussis to the cephalosporins is unacceptably high (82). In
addition, tetracyclines, chloramphenicol, and fluoroquinolones have potentially harmful side effects
in children. Therefore, none of the above antimicrobial agents are recommended for treatment or
postexposure prophylaxis of pertussis.
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TABLE 1. Results from studies that evaluated the effectiveness of erythromycin treatment on reducing symptoms of pertussis

patients
Author Comparison cin  Effect of treatment  Vaccination
and year Setting Type of study Case definition groups Sample size treatment on symptoms status
Bass, us. Randomizec) Clinical perussis Fourtharapy 10 paitients in S0mgperday, 4 Duration of catarrhal,  Two children
1969 (39 and cultume- {enythramycin, aach group divided dosas for  parciysmal, and had 3 dosas
positive or direct chicrampheniool, 7 days comvalescantstages  of DTP (both
flucrescent dine, was similar between  in ooytetracy -
antiboschy (DFA)- and ampicilling and the groups cline group)
positive one untreatsd
cantrol group
Baraff, us, Exparimental Cough lagting =1 Thoss who Saven Estolate: 40 mg’  Mean duration of Mot controlled
1078 (40 wiesak @ racaived uritreatad, kg par day hospitalization was for
cyanosis, vomiting,  erythromycin 18 treated (duration rot similar in two groups:
of whoop, and varsus thoss who patients reported) 7.3 days in reatmeant
culture-positive were not treated group versus 8.5 days
{onset not repored) in comtrol group
Bargouist, Sweaden Randomized Age =1 year, Same as cases, 17 treated with  Ettwlsuccinats:  Number of whoops Mat raported
1087 (471) open suspected untreated arythromycin, 26 mgkgtwice  botween day 1 and
parussis evidant 21 untreated daily for 10 days 14 50% reduction in
for =14 days, 25 of controks the treatrmant group
A4 already had (p=0.02) and doubled
whoops in the control group
(p=0.05)
Steketes,  US. Obsarvationsl, Respiratoryillness  Tratment within 1 40 treated <1 Erythrommycin 43% (17 of 40) of Few
1988 (43) retrospective, and culture-, DFA-,  weekversus =1 weak, 43 besa or early reated patients  unvaccinated
cahart o serology- weeak of ary treatrmemnt athylsuccinate:  and 19% (sightcof 43)  residents, nat
positive inan respiratory stared =1 40 mg'kg per of late treated patients  controlled for
ingtituonal seting  symiptoms in weok dety crally, did not have cough intha analysis
saropositive divided into 4 [risk ratio = 2.28; 95%
patients or daily dosas for  confidence intarval =
untreated patients 14 days 1.1-4.5). Duration of
cough longer and a
significanty higher
propartion of severs
symptoms in late
freatment group
Faiizo, s, Arelysis of Casas of partussis  Persons with =700 ineach Al treatad Parcantage of those Mot controlled
1997 (43) naticnal reported to CDC casos who started  group parsons with cough of =28 for
sureillance curing 19201989 prophylaxis <07 recaived oral days was lower in the
data days, 8-14 days, enythromycin group treated <0-7
and =14 days of thempy for days after cough
onset of cough =10 days onsat compared with
companad with uritreated growup
untreated group {p=0.01). The highest
{controlied for age) parcantage of patiernts
with long cough was
in the group treated
=14 days of cough
onest
Borclussi, Canada  Obsarvational Culturepositve Persons who 180 patients in -~ Dosage and Mean duration of =00%% of
1905 (35) prospective, index cases began treatmeant all apes duration not cough and parcxysms  childran had 3
household shudy =1 waek of cough reportad A8 and 28 days in doses
onset versls »21 early raatmant group
days of cough versus 57 and 44
onset days in late freatmeant
group
Halperin, Canada  Prospective, MNasopharyngesl Thess who a7 treated for T orid days of No differencs in the Mait reparted
1907 (44) randomized, aspirate cultune- recaived 7 days of 7 days, 106 enythrormycin bactariokogic
cantrolled, positive anythrormycin traated for estolata, 40mg’  persistance (p=0.98)
clinical frial versus those who 14 days kgperdayin?  or bacteriologic
received 14 days divided dosas, relapsa (p=0.77)
of erythircmiycin miEdimum: 1.9 betwean the 7- and
per day 14-day freatmant
groups
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BOX 1. Epidemiclogy, diagnosis, treatment, and prevention
of pertussis (whooping cough)

Epidemiology

* 25,827 cases reported in the United States in 2004, the
highest number of reported cases since 1959.

* Approximately 60% of cases are in adolescents {aged
11-18 years) and adults {(aged >20 years).

* Transmitted person-to-person through aerosolized drop-
lets from cough or sneeze or by direct contact with se-
cretions from the respiratory tract of infectious persons.

# [ncubation pericud 5-21 da}?s; usua].ljr =10 days.

. Highl}r contagious; 80% secundar}r arrack rates among
susceptible persons.

* Endemic in the United States; epidemic every 3—4 years.

Clinical findings

* Catarrhal period (1-2 weeks): illness onset insidious
{coryza, mild fever, and nonproductive cough); infants
can have apnea and respiratory distress.

. Pam}:}rsmal periud (2—6 weeks): pamxj?smal co ugh,
inspiratory "whuup,” postrussive vomiting,

* Convalescent period (>2 weeks): paroxysms gradually
decrease in frequency and intensity.

Laboratory testing

* Culture of nasopharyngeal aspirate or Dacron™ swab
for Borderella pertusis on Regan Lowe or Bordet-Gengou
culture medium.

* Detection of B. pertussis DNA by polymerase chain
reaction.

* Nothelptul to test contacts without respiratory symptoms.

Recommended treatment

* Macrolide antibiotic

5-day course of azithromycin

— 7-day course of clarithromycin
— l4-day course of erythromycin.
* Alrernative agent
— l4-day course of trimethoprim-sulfamethoxazole.

* Treat persons aged »1 year within 3 weeks of cough
onset.

* Treatinfantsaged <1 year within 6 weeks of cough onset.

Postexposure prophylaxis

» Administer course of anribiotic to close contaces within
3 weeks of exposure, especially in high-risk settings; same
doses az in treatment schedule.

Prevention and surveillance

* Vaccinate children aged 6 weeks—6 years with diphthe-
ria, tetanus toxoids and acellular pertussis vaccine
{DTaP). In 2005, The Advisory Committee on Immu-
nizarion Practices voted to recommend a single dose of
Tetanus Toxoid and Reduced Diphtheria and Acellular
Pertussis vaccine { Tdap) for adolescents and adults aged
<65 years.

* Report all cases to local and state health departments.




TABLE 2. Results from studies that evaluated the effectiveness of erythromycin treatment and prophylaxis on reducing spread
of pertussis

Author Treatment of Comparison Erythromycin Effect of prophylaxis  Vaccination
and year Sefting Typeof study Case definition index case groups prophylaxis on sacondary spread status
Altemeier, LS. Case repart Indax paticnt: Mot treated at Sewan neonates 50 mogka per Mone had symptoms (wo Mot available
1977 (45) cultunrepositive, the time of exposed to the clay of erythro- wiare culture-positive
hospitalized, SXpOsUR indlex patient mycin inframus-  before prophylaxis)
symptomatic before his cularly for 5 days
nacnats treatmant
Hal=ay, L5, Case report Index patiant: Erythrormycin: One infant Ethylsuccinats Thires days aftar Ore dose of
1980 (45) cultunrepositive, 55 mgkg per exposad to the 55 ma'ky perday  ervthrormycn prophylaxds oTP
hospitalized, clay. Infart was  index patient for began, contact became
symptomatic still culture- 2 days during symptomatic and culure-
necnate positive at the culture-positve positive, After 8 more days
time of stage of reatmant, contact
EXpOsUE became culture-negative
G, Eritain Rardomized, Index patient 20 of &0 index  Househald S0 makg per Urivaccinated contacts: Mane of tha
1981 (47) placeto- cullurepositive;  patients teated  contacts day, 4 divided 20% (four of 20) treatec vaczinated
controlled, secondary case:  with enythromy- (24 unvacci- dosas for 14 versus 18% (two of 11) children had
double blind nat specified cin, dosage and  nated,&60 days. Prophy- urtreated contacts had pertussis
duration not vaccinated) lais began 13 perussis. Could not
reported prophylsced or - days (8 days) separate effect of
recaived placsbo treatment of index pationt
from effect of prophylaxis
Spencely, Britain Randomized Diagnesad 17 patients: Househaold 125 mg or 250 B2% (nine of 11) treated Mine cortacts
1081 (45 pertussis; aight received contacts mg 4times aday  and 22% (two of ning) warg
secondary casa:  envthromycin, prophyleeed (1) for 10 days for uritreated chikdran had unvaccinated,
respiratory twio recaived of recslived children aged <2 pertussis. Mora of five had 2
symptoms of other antibictics;  placebo (nina) years or =2 erythromydin group was doses
more thantrivial  dosage and YOAIS, espec- already expeiancing
duration duration not thvely symptams at trial orsst
reported
Gransirom,  Sweden  Retmspective  Index patient 280-500mg for 28 newboms Erythromycin 40 None of the infants had Mot available
1987 {49 review of cases  pregnant women  Sdosesaday  prophylased with  mokg per day, 3 symptoms or labaoratory
with serology-or - for 10 days. anythomycin; times a day; 22 evidence of parussis
culturepositive Recoived 3 (£3  fourdid mot for 10 days, six
pertussis clays) befor recaive for 5 days. All
delivary rmothers nursed
their infants.
Biellik, L5 Casecontral,  Acute cough Mot reported Houssholdswith  Erythromiycin, Average interval between  Similar
1988 (50 housshald iiness =14 days secondary cases  dosage and onset of iliness in first vaccination
study or>7 days and VErsUS duration not patient and infiation of status
parcysms or housahclds reportad therapy: 24 days
pamxysma]_ without (houssholds with
cough causing secordary casas secondary cases) versus
sleap dsturbance 11 days {houssholds with
on =2 nights no sacondary cases)
(p=0.001). Average

interval betwean onsat of
illness in first patient and
iritiation of prophylaxis: 22
days (household with
secondary cases) versus
14 days (household with
no sacondary cases)
(=002, Similar nurmbsre
of contacts administersd
prophylaxis, number of
contacts and first patients
completed =10 days of
treatment




TABLE 2. (Continued) Results from studies that evaluated the effectiveness of erythromycin treatment and prophylaxis on

reducing spread of pertussis

Author Treatment of Comparison Erythromycin Effect of prophylaxis  Vaccination
and year Seftting Typeofstudy Case definition index case groups. prophylaxis on sacondary spread status
Stekatea, LS Cheervational,  Respiratary Erythirormyzin Wards whosa Same as Aftack rates in wards Few
1088 (45 retrospective illness and besa or residerits treatment forall  prophylaxed eaty: 16% (13 unvaccinated
cohort cultune-, direct ahylsuccinate:  prophylaxsd residents of of 125 residants) versus residents; in
flucmscont 40 mgkg per within <2wooks oxposedwamds  75% late (85 of 113) the analysis,
antibody (DFA)-  day orally, of cough onset vaccination
o semlogy- divided into 4 of first casa status not
positive in an daily dosas for  versus wards controlled for
instituticnal 14 days prophylaxead
satting within 4 weaeks of
first case
Sprauer, US Cheorvational, Culturepositive,  Recsived 5 Households (17) =10 days of More first patients in Vaccination
1983 (57) retrcs pective zlddayscough  days of with sacondary  erythromycin househokds with no status similar
cohort of parcxysmal continuous CASES VersUs aftar exposue sacondary transmission betwean
cough of =7 days.; erythromycin, housaholds (20) recaived treatment (100%  groups
secondary case:  dosage not without varsus 76%) (p<0.05).
omsst T-28days  reported secondary cases Median interval to
after first case treatment of fist pationt: 11
days in housshalds with no
secondary cases, 21 days
in househokls with
sacondary cases
{p = 0.067). Percentage of
contacts receiving
prophylaxis <3 weeks of
first patient: 7% in
househokds with no
sacondary cases, 47% in
househokds with sacondary
cases (p<0.001). Median
interval from first patients to
prophyiaxis: 16 days in
househokds with no
sacondary cases, 22 days
in househokls with
sacondary cases (p=0.001)
Fisher, .S Chsarvational Cutture-, DFA-, Erythrormycin, MNone, Results Erythronycin, 14 Administration of erythrony-
1089 (55 o semlogy- 14 days fram cultuns cays cin to all residents
positive spacimans taken alimirated culture-positive
on thes cases and stoppad the
cecasions (0 and spread of infection. Mo
18 days and 2 resident hael a positive
monthe later) culture or DFA test result at
wans comiparad theend of 14 days of
treatrment ar 2 monthes katar
Wirsing Gemary  Housshold Primary case: 21-  Erythrormyzin, Househokd Erythirormycin, Aftack rate in child cortacts  Not reported
von gudy, nestedin  day parmgysmal  dosage and contacts whose  dosage and (E6-47 months, urvacc- for contacts
Konig, avaccing cough and duration not index patiants duration not nated) of treated first
1005 (53) efficacy trial laboratory reportad haive baen reported patierts: 51% (55 of 100)
{cuttun, treated (265) or varsus untreated first
sarology) not treatad (151) patients: 54% (4 of 64)
confirmation; (pe0.05). Attack rate in
sacondary case: adult contacts of treated
=7-day first patients: 207 (3 of
parcxysmal 1 56) versus untreated first
cough and patierts: 26% (31 of &7)
laboratony (p=0.05)
confirmation,
orsat =7 days
after prirmary

case




TABLE 2. (Continued) Results from studies that evaluated the effectiveness of erythromycin treatment and prophylaxis on
reducing spread of pertussis

Author Treatment of Comparison Erythromycin Effect of prophylaxis  Vaccination
and year Setting Type of study Case definition index casa groups prophylaxis on sacondary spread status
DeSeomes, Carada  Rotrospectve  Primary case: Mot repored Contacts (840) in  Varied. Adults: Sacondary attack rate: Vaccination
1905 (540 cohaort, culture-positive or househokds with 250500 mg 2 houssholds with status was not
househak CDC case prophytais times a day; prophyaris: 17%; afactorin
sy definition; varsus those children 40-50 housahalds without sacondary AR
secondary casa; without mgkg per day for  prophylaxis: 25% (risk ratio
22 wesks cough prophylasds 10-14 days =0.80; 95% confidanca
intenval = 0.5-0.9).
Sacondary attack rate:
prophylacis used befomr
onset of secondary case:
4% versus 35% after
sacondary cass (p<0.001).
Compared with secondary
attack rates among
housshalds prophylased

within 21 days, sacandary
attack rates doubled whan
prophylacds was
administared >21 days
aftar onset of cough in the

primary patient or not
administared at all
Schmitt, Gemany  Blinded, Index case: =21 Erythromycin, Unwvaccinated Erythrormycin, Attack rates in unvacci- 67% of
1906 (55) prospective day spasmodic dosage not contacts whose  dosage and nated household cortacts  unvaccinated
follow-up of cough and reported index patients duration rot whose index patients have  contacts
househaok culture- or have besan reported been traated: 51% versus  received
contacts semlogy-positve; treated versus 4% in index patient not prophylais
secondary casa; those not treated treated (p=0.08)
onset 7-28 days
after onset of
cough in the first
patient
Halperin, Carmada  Randomized, a) culiure- Erythromycin Houwsehold 10 days of Fewer posttussive MNait reparted
1909 (55) clouble-blind, positive, b) for Tor1d4 days  contacts of anythromycin vomiting orwhoop inthe
placaba culture-positive or randomiby estolate, 40mg’  erythromiyein reatmeant
contralled parcxysmal selected culiure- kg perday in3 group; respiratony
cough of =2 confimmed cases.  divided doses; symptoms, nasal
waeks, or ©) Contacts wans maximum: 19 congestion, cough, or
culture-positive or administensd par day parcxysmal cough similar
cough =2 weaks placabo in bath groups. Efficacy in
and whoop, preventing culture-positive
PGS, parussis was 67.5% (A5%
vomiting, aprea, confidenca intarval =
of cyancsis T.6%%—B0.7%). No

significant difference in
secondary attack rates
when anly contacts who
wane asymptomatc befors

prophylacdis were
examined
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Return to top. BOX 2. Council of State and Territorial Epidemiologists case
Table 3 definition for pertussis

Clinical case: A cough illness lasting >2 weeks with
one of the following: paroxysms of coughing, inspira-
tory “whm:up,” or posttussive vomiting without other
apparent cause.

Laboratory criteria for diagnosis

* Isolation of Borderella pertussis from clinical specimen
or

* Positive polymerase chain reaction (PCR) for
B. pertussis (as qualified in comments)

Case classification

Probable: a case that meets the clinical case defini-

tion, is not laboratory confirmed, and is not epidemio-

logically linked to a laboratory-confirmed case
Confirmed: an acute cough illness of any duration

that is laboratory confirmed by culture or one that meets
the clinical case definition and is either laboratory con-
firmed by PCR (as qualified in comments) or epidemio-
logically linked to a laboratory-confirmed case.

Comment

* The clinical case definirion is apprupnate for endemic
or sporadic cases. In outbreak settings, a case might be
defined as a cough illness lasting >2 weeks.

* No assay in the United States is validated and standard-
ized. Although these PCR assays might meet the state
and CLIA requirements for analytical and clinical vali-
dation, no data is available on Inl:erlaburatm}f valida-
tion, including clinical sensitivity and specificity. For
all these reasons and because in general PCR is less spe-
cific than culture, PCR-positive caseswith <14 days du-
ration should not be reported as confirmed.

* Because some studies have documented that direct fluo-
rescent antibody (DFA) testing of nasopharyngeal se-
cretions has low sensitivity and variable specificity, DFA
testing is not a criteria for laboratory confirmarion of a
case for national reporting purposes.

. SE‘I‘DIDEIC testing for pertussis is commercially available
but is not approved by the U.S. Food and Drug Ad-
ministration for diagnostic use and, therefore, generally
should not be used and relied on as a criterion for labo-
ratory confirmation for national reporting purposes.

« Both probable and confirmed cases should be reported
to the National Notifiable Diseases Surveillance System.




TABLE 3. Results from studies that evaluated the effectiveness of azithromycin or clarithromycin for treatment of pertussis

patients
Microbiclogic eradication
Author Participants. Comparison Sample rate at end of treatment Vaccination
and year Setting Typeofstudy (positive cultures) treatment groups size and follow-up status
Ayoma, Japan Prospective, Casas matched with 10 mokg perday twice  Azithromycin 1007 at 1 wesk post- Five unvaccinated
1006 (65) randomized histotical erythromycing — daily for & days N=8 tresatment for azithrnycin children aged <1
curing Juns group by age, sax, {rmaxirmur: 500 mg) and 81% in erythiromycin yesar
1993-March vaccination status, and gmup; no relapss at 2 weeks
1005 recant onsst of desasa in bath groups
before June 1203
Age =2 years (10 of Clarithramycin N=0 100% at 1 wesk post Six unvaccinatad
17) 2 <13 years (saven 10 mako onca daily traatrment for claitommycin chikdran aged <1
of 17) (maximum: 400 mg) for and 89% in erythomycin year
7 days gmoup; no relapss at 2 weeks
Meaan duration of in both groups
ilness Histolical control group: N =134
Agithiromycin = 14.1 Erythromycin 40-50
(+3 days) mg per day three times
Clarthromycin =11.8 claily for 14 days
[+7.2 days)
Erythrormycin = 11.2
(+7.1 days)
Baca, Croatia Prospective, Age 118 manths Azithrormycin: N=17 100% at days 7, 14, and 21 Mait reported
1909 (&5) open {Maan: 7.5 months) 10 moykn onca daily on from start of treatment
daiy 1 then 5 mokg
Noncomparative Duration of illness: 23— once daily for 4 days
to assoss A0 days (mean: 125
efficacy and daiys) Azithironmycin N=20 89.5%, 100%, and 7.1 % at
safety of two 10 mgyko onca daily for days 7, 14, 21 from start of
azithromycin 3days treatment
regimens
Bace, Crodatia  Prospective, Age 1-15 manths Azithirormycin A=0 100% atdays 7, 14, and 21 in - Groups similar
2000 (67) open, 10 mg'kg once daily for all groups
rancomized, Duration of illness: 2— 2 days
comparative a7 days
Erythromycin for 14 E=15 Mot reportad
days
Langley, Canada  Prospective, Age 6 months—16 Azithrormycin N=58 100%% at end of reatment and  Groups similar
2004 (55) open, years 10 mokn onca on day T days aftar completion in
muticanter, 1 then Smgkg once baith groups for paricipants
comparative daily for 4 days with available culiures
Enythromycin estolate N=56 Mot reported
40 mgyko per day thres
firnes daily for 10 days
Lebel and  Canada  Prospective, Age 1 month—16 years  Clarithramycin N=76 10076 for darithromydin group 89% vaccinated in
Mahra, single-blind, 15 moko per day twica and 96% for arythromycin darithromycin
2001 (&) paraliel group per day for 7 days group at end of reatmeant growup and 909 for
trial arythrormycin
Enythrommycin N=77
40 mgyko per day thres
fimes daily for 14 days
Fichichero, LLS Prospective, Age & months—20 Azithromycin 100 mogkg N=29 1007 at days 3and 21 from Mot reportad
2003 (AR open labal, Woars once on day 1 then start of tratment
noncomparative Smgkg once daily for 4
chays
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BOX 3. Close contacts and postexposure prophylaxis

* A close contact of a patient with pertussis is a person

who had face-to-face exposure within 3 feet of a symp-
tomatic patient. Respiratory droplets (particles =5 gm
in size) are generated during coughing, sneezing, or talk-
ing and during the performance of certain procedures
such as bronchoscopy or suctioning; these particles can
be propelled through the air for distances of approxi-
mately 3 feet.
— Close contacts also can include persons who
* have direct contact with respiratory, oral, or nasal
secretions from a symptomatic patient (e.g.,
cough, sneeze, sharing food and eating utensils,
mouth-to-mouth resuscitation, or performing a
medical examination of the mouth, nose, and
throat)
* shared the same confined space in close proxim-
ity with a symptomatic patient for >1 hour
— Some close contacts are at high risk for acquiring
severe disease following exposure to pertussis. These
contacts include infants aged <1 year, persons with
some immunodeficiency conditions, or other un-
derlying medical conditions such as chronic lung
disease, respiratory insufficiency, or cystic fibrosis
Postexposure prophylaxis with an appropriate antimi-
crobial agent can be administered to close contacts of
patients and to persons who are at high risk for having

severe or complicated pertussis.

TABLE 4. Recommended antimicrobial treatment and postexposure prophylaxis for pertussis, by age group

Primary agents Alternate agent”
Age group Azithromycin Erythromycin Clarithromycin TMP-SMZ
<1 morth Recommended agant 10mg’  Notprefered. Enghomiycinis Mot recommeanded (safety Contraindicated for infants
kg per day in asingle dosa for  asscdated with infantle data unavailable) aged <2 months (lisk for
5 days {only limited safiety hypertrophic pylorc stencsis. kemictens)
clata available.) Uk if azithromiyein s
uravailable; 40-50 maka per
day in 4 divided doses for 14
days
1-5 monthes 10 mg'kg per day in a single 4050 mg'kg per day in 4 16 mg'kg perday in 2 divided  Contraindicated at age <2
coss for 5 days divided doses for 14 days dosas for 7 days monthis. Forinfants aged >2
months, TMP 8 mg'kg per
day, SMZ 40 ma'kg per day in
2 divided doses for 14 days
Infarts {aged =& manths) 10 mg'kg in a single doss on 4050 mgkn per day 15 mgdkg per day in 2 divided  TMP 8 mg'kg per day, SMZ
and children day 1 then & mgkg per day {maxdimum: 2 g per day) in 4 dosas (maximum: 1 g per 40 mgrkg per day in 2 divided
{mzcimum: 500 mg) on days divided doses for 14 days day) for 7 days doses for 14 days
25
Adults 500 mg in a single dose on 2 g perday in 4 divided doses 1 gperday in 2 divided doses  TMP 320 mg per day, SMZ

daty 1 then 250 myg per day an
days 2-5

for 14 days

for 7 days

1,600 mg per day in 2 divided
doses for 14 days

* Trimethoprim sulfamethoxazole (TMP-SMZ) can be used as an alternative agent to macrolides in patients aged =2 months who are allergic to macrolides,
who cannot tolerate macrolides, or who are infected with a rare macrolide-resistant strain of Bordetella perfussis.
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TABLE 5. Preparation and adverse events of antimicrobial agents used for treatment and postexposure prophylaxis of pertussis

Major adverse avents

Indicating nead for madical

Indicating nead for attention if persistent
Drug Proparation medical attention or bothergome Special instructions
Agithromycin Oral suspension: Rare: Gastrointestinal distulbances Administer 1 hour before or 2
20 mg/mL Acute interstitial nephiiiis {abdominal discomfort or pain,  hours after a maal; do not use
40 mgimL diarhea, (nausea, and with alurnirum- or rmagne-
Hyparsensiivityaraphylaxis vamitineg) siurm=containing antacids
Capsules: ({dyspnea, hives, and rash)
250 ma, 800 mg Headache, dizziness Usa with caution in patiants
Pseudomembranous coliis with impsired hapatic function
Potential drug interactions
Clarithrormycin Oral suspension: Rare: Frequent: Dose shoulkd be adusted for
25 mg'mL, 50 mgimL Hepatotosdcity Gastrointestinal distulbances patients with impaired renal
{abdominal discomifort or pain,  function
Tablets: Hypersansitivity reaction diarmhea, (nausaa, and
250 mg, 500 mg (rash, prurtis, and dysprea) vamitineg) Can be administerec without
regard to meaks
Pseudomembranous coliis Infrecueant:
Abnomal taste sensation Raconstituted suspensions
Thrombocytopenia should not be refrigerated
Headache
Potential dnug reactions
Erythirormycin Oral suspension Hyparsensiivityaraphylaxis Frequent: Dose shoukd ba adusted for
and tablets (mary prepara- (dyspnea, hives, rash) Gastointestinal distulbances patients with impaired renal
ticn strangths) {ancrexia, nausaa, vomiting, function
Rara: and diarhea)
Hepatic dysfunction Potential diug reactions
Infantile hyperraphic pyloric
stenocsis in neonates aged <
moenth
Torsada de pointas
Pseudomembranous coliis
Trimethoprim- Oral suspension: More frequent: Gastrointestinal distulbances Dose shoulkd be adusted for
sufamethoxazole (TMPSMZ)  TMP 8 mg'mL and SMZ Skin rash {ancrexia, nausea, vomiting, patients with impaired renal
40mg’ mL and diarnhea function
Less H
Tablets: Hypersensitivity reactions Mairtain adequate fluid intake
Single Strangth (skin rash, and fewver) o prevent crystaluria and
Hematologic toxicity stone farmation (take with full
TMP B0 mg and SMZ 400 mg  (leucopenia, neutropania, glass of water)
thmbocytopenia, and
Double Strangth: anasmia) Puotantial for photcsansitivity
TMP 180 mg skin reaction with sun
SMZ 800 mg Rare: exposUre
Exdcliative skin disomders
{including Stevans-Johnsons

syndiome), Hemolytic anamia

{with G&-PD deficiency)
Methhemaogiobinemia
Renal toxicity (crystaluria,
nephiitis, and tubular
NeCosis)

Caritral narvous system
toodcity (aseptic meningifis)
Pseudomembranous colitis
Chaolestatic hepatitis
Thyroid function disturbance
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