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Background. Antibiotic postexposure prophylaxis (PEP) following pertussis exposure is recommended but has

never been evaluated in healthcare personnel (HCP) vaccinated with acellular pertussis vaccine (Tdap).

Methods. Tdap-vaccinated HCP were randomized to receive azithromycin PEP or no PEP following pertussis

exposure. Acute and convalescent nasopharyngeal swabs and sera were obtained for pertussis testing by polymerase

chain reaction (PCR) and anti–pertussis toxin (PT) immunoglobulin G, respectively. A nasopharyngeal aspirate was

also collected for PCR and culture from subjects who reported respiratory symptoms within 21 days following

identification of the exposure. Pertussis infection was defined as a positive culture or PCR, a 2-fold rise in anti-PT

titer, or a single anti-PT titer of $94 enzyme-linked immunosorbent assay units/mL. Daily symptom monitoring

without PEP was considered noninferior to PEP after pertussis exposure if the lower limit of the 1-sided 95%

confidence interval (CI) for the reduction in pertussis was greater than 27%.

Results. During 30 months of study, 86 subjects were randomized following a pertussis exposure. Using the

predefined definition of infection, pertussis infection did not develop in 41 (97.6%) of 42 subjects who received

azithromycin PEP and 38 (86.4%) of 44 subjects who did not receive PEP (absolute risk difference, 211.3%; lower

bound of the 1-sided 95% CI, 220.6%; P5 .81). However, no subject developed symptomatic pertussis confirmed

with culture or a specific PCR assay, and possibly no subject developed subclinical pertussis infection based upon

additional serologic testing.

Conclusions. Using the predefined definition of pertussis infection, noninferiority for preventing pertussis

following exposure was not demonstrated for daily symptom monitoring of Tdap-vaccinated HCP without PEP

when compared with antibiotic PEP. However, the small number of exposed HCP warrants further study of this

approach.

Clinical Trial Registration. NCT00469274.

Pertussis, or whooping cough, is an acute respiratory

tract infection caused by Bordetella pertussis [1]. The

incidence of pertussis has been increasing since the

1980s [1]. Although the increase is not completely

understood, factors such as increased transmission,

waning immunity from childhood vaccination, and

changes in diagnostic testing and reporting are likely

contributors. Healthcare personnel (HCP) are at in-

creased risk for pertussis due to regular contact with

infected patients [2–4]. They may then transmit in-

fection to susceptible patients and other healthcare

personnel, as evidenced by numerous reported out-

breaks of healthcare-associated pertussis [5–11].

Vaccination is effective for preventing pertussis in

healthy adults and adolescents [12]. In 2005, a tetanus
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toxoid, reduced diphtheria toxoid, and acellular pertussis vac-

cine (Tdap) was licensed for use in adolescents and adults aged

11–64 years [1]. Then in 2006, the Centers for Disease Control

and Prevention (CDC) recommended that all HCP with direct

patient contact receive a single dose of Tdap to reduce the risk

of pertussis transmission within healthcare institutions. Prior to

licensure of Tdap, the only method to reduce transmission after

pertussis exposure was antibiotic postexposure prophylaxis

(PEP) [13]. The decision to provide PEP to an exposed HCP

involves detailed assessments of the infectiousness of the index

case, the degree of exposure and risk of pertussis in the HCP,

the potential for secondary transmission to high-risk contacts

(eg, infants), and the capacity to monitor for symptoms in the

exposed HCP. Previously, the CDC recommended that exposed,

vaccinated HCP receive either antibiotic PEP or daily symptom

monitoring without PEP, with prompt evaluation, treatment,

and furlough if symptoms develop [1]. To test the best approach

for management of pertussis exposure in previously vaccinated

HCP, we conducted a randomized, open-label trial to determine

if daily symptom monitoring without PEP was noninferior to

antibiotic PEP.

METHODS

Study Population
Between May 2007 and October 2009, all HCP working at

a 206-bed, tertiary care, pediatric acute care hospital were re-

cruited for enrollment. Inclusion criteria were aged 18–64 years,

self-report of direct patient contact, planning to work at least

1 year from enrollment, and willing to cooperate with surveil-

lance. All subjects were vaccinated with Tdap (ADACEL; sanofi

pasteur, Toronto, Ontario, Canada). Each dose contained the

following active ingredients: 5 Lf tetanus toxoid, 2 Lf diphtheria

toxoid, 2.5 lg detoxified pertussis toxin (PT), 5 lg filamentous

hemagglutinin (FHA), 3 lg pertactin, and 5 lg fimbriae types

2 and 3 [14]. Most subjects received Tdap at enrollment, but

some had previously received Tdap from the Occupational

Health Clinic (OHC) or their personal physician. All previous

vaccinations were documented with chart review.

Exclusion criteria for enrollment were a history of allergic

or adverse reaction to both azithromycin and trimethoprim-

sulfamethoxazole, current prolonged treatment with a macrolide

or trimethoprim-sulfamethoxazole, and prelicensure receipt of

an acellular pertussis vaccine through participation in a prior

clinical trial. Additionally, subjects who required Tdap at en-

rollment were excluded if they had received a booster of tetanus

toxoid and reduced diphtheria toxoid vaccine (ie, Td) in the

2 years prior to screening; if they had a history of allergic or

severe adverse reaction to diphtheria, tetanus, or pertussis

vaccines, a history of encephalopathy within 7 days of a pre-

vious dose of a pertussis-containing vaccine not attributable to

another identifiable cause, or a history of progressive neurological

disorder, uncontrolled epilepsy, or progressive encephalopathy;

or if they were pregnant or attempting to become pregnant.

Exposure Evaluation and Randomization
The Department of Infection Control and Prevention conducted

routine surveillance of laboratory-confirmed pertussis among

patients. After identification of an infected patient, OHC con-

tacted and evaluated potentially exposed HCP. HCP considered

exposed (ie, face-to-face contact within 3 feet of the infected

patient during which the subject did not wear a mask) by OHC

completed a survey of patient care activities performed during

the exposure. Exposed HCP were then randomized to receive

daily symptom monitoring either with or without antibiotic

PEP. Blocked randomization was performed using a randomly

varying block size of 4, 6, or 8 according to a computer-generated

random number. Subjects involved in multiple exposures

during the study were randomized to a separate postexposure

strategy following each exposure.

Subjects were excluded from randomization if they had

a previous pertussis exposure within the past 4 weeks, if they had

fever (eg, temperature$38�C), cough, sore throat, or rhinorrhea,

if they received PEP outside of the study, if they had been

vaccinated with Tdap ,7 days prior to the exposure, or if they

were recognized as exposed $5 days after pertussis was first

detected in the index patient because of the likely inability to

reliably detect asymptomatic pertussis infection in the exposed

subject. Subjects excluded from randomization were referred to

OHC to receive prophylaxis per standard hospital procedures

and did not provide clinical specimens for testing.

For all randomized subjects, a nasopharyngeal swab and serum

sample were collected at the time of randomization (acute) and

again 21 days after identification of the infected patient (con-

valescent). Subjects randomized to PEP were given azithromycin

(500 mg on day 1 and 250 mg daily on days 2–5). Subjects in

both study arms were queried daily for symptoms of respiratory

infection for the 21-day monitoring period. If a subject developed

fever, cough, sore throat, or rhinorrhea, a nasopharyngeal aspi-

rate was collected [15]. Symptomatic HCP were treated with

azithromycin empirically, regardless of PEP assignment, and

referred to OHC to determine when they could return to work.

Diagnostic Methods
Sera were tested for anti-PT immunoglobulin G (IgG) by en-

zyme-linked immunosorbent assay (ELISA) using a validated

assay with a lower limit of detection of 10 ELISA units/mL (EU)

[16]. Nasopharyngeal swabs were tested for pertussis by poly-

merase chain reaction (PCR) using IS481. After collection,

specimens were stored at 270�C until time of testing. DNA was

purified using the automated Qiagen EZ1 Robot. Each real

time PCR assay contained no template controls, high and
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low B. pertussis controls (cycle threshold [Ct] 28 and 31, re-

spectively) with DNA extracted from ATCC culture 9797, and

a B. parapertussis control containing DNA extracted from

ATCC culture 15311. Additional details of the single-target

PCR procedure are described in the Appendix. B. pertussis PCR

was considered positive if Ct was #40 cycles.

Nasopharyngeal aspirates were obtained in symptomatic HCP

and divided into 2 equal aliquots. One aliquot was used for PCR

testing, and the second aliquot was inoculated onto Regan-Lowe

transport medium and sent within 24 hours after collection to

the Tennessee Department of Health State Laboratory for culture.

Specimens were inoculated onto Regan-Lowe Agar plates and

placed in a CO2 incubator at 35�C –37�C. Plates were reviewed

daily for growth. Any colonies resembling B. pertussis were

transferred to a fresh Regan-Lowe plate for isolation and con-

firmation. Cultures without growth at 7 days were considered

negative.

Outcomes and Statistical Analysis
The primary definition of pertussis infection included a positive

nasopharyngeal culture or PCR for B. pertussis at any time point,

a 2-fold rise in the anti-PT IgG titer between acute and conva-

lescent sera, or a single acute or convalescent anti-PT IgG titer

of $94 EU (Table 1) [16]. The primary definition excluded

symptoms because antibiotic PEP might prevent symptoms

without affecting laboratory markers of infection. Post hoc, a

modified definition was devised because of concern that the

serologic criteria used in the primary definition might actually

represent acquisition of pertussis infection prior to the in-

tervention under study. The modified definition of pertussis

excluded an acute anti-PT IgG titer of $94 EU and an acute

nasopharyngeal swab that was positive for B. pertussis by PCR

(Table 1).

We estimated the protection rate of vaccination with

ADACEL without antibiotic PEP following a healthcare ex-

posure to be .92% [12]. Although this estimate is based upon

the protection rate of a different acellular pertussis vaccine,

the 2 vaccines are thought to have similar immunogenicity and

efficacy [12]. Although data are lacking on the secondary attack

rate in recently vaccinated persons who receive antibiotic PEP

following a healthcare exposure, published data suggest that

erythromycin PEP decreases the secondary attack rate among

unvaccinated household contacts by 31%–68% [17, 18].

Therefore, we assumed the protection rate of azithromycin

PEP in vaccinated HCP following a healthcare exposure to be

$95%. Because of the potential risk of secondary transmission

from an infected HCP to vulnerable patients, a minimum

clinically important difference of 20.07 was selected. Using the

method described by Farrington and Manning [19], we esti-

mated that 150 subjects per arm would be sufficient to reject the

null hypothesis that daily symptom monitoring without PEP

was inferior to antibiotic PEP with a 5 .05 and b 5 .20.

Data were analyzed with Stata (Intercooled, version 9.2; Stata

Corporation, College Station, TX). Continuous variables are

described in percentiles and compared using the Wilcoxon rank

sum or Kruskal–Wallis test, as appropriate. Discrete variables are

described in frequencies and percentages and compared using

Fisher’s exact test. Noninferiority was assessed using the test

statistic z where z 5 (d1D)/se(d), where d represents the dif-

ference observed between the treatment arms, D represents the

pre-specified noninferiority margin of 20.07, and se(d) is the

standard error of the observed difference. This assumes the test

statistic, z, converges to the standard normal distribution. Daily

symptom monitoring without PEP was considered noninferior

to antibiotic PEP if the lower limit of the 1-sided 95% confi-

dence interval (CI) for the reduction in pertussis was greater

than 27%.

RESULTS

Eleven of the 1102 HCP eligible for enrollment were excluded

because of recent vaccination with Td precluded vaccination

with Tdap; thus, 1091 HCP were enrolled (Figure 1). During the

study period 33 patients with pertussis infection were identified

resulting in 116 distinct exposures among 94 different HCP.

Thirty of the 116 exposures were not eligible for randomization

because of the presence of respiratory symptoms, an earlier

pertussis exposure within the previous 4 weeks, receipt of anti-

biotic prophylaxis outside of the study, exposure only 4 days

Table 1. Summary of Definitions of Pertussis Infectiona

Criteria

Primary

Definition

Modified

Definition

Nasopharyngeal swab
PCR positive

Acute specimen Positive NA

Convalescent specimen Positive Positive

Nasopharyngeal aspirate
PCR or culture positiveb

Positive Positive

Anti-PT immunoglobulin G
titer

Acute specimen $94 EU/mL NA

Convalescent specimen $94 EU/mL $94 EU/mL

Acute to convalescent
antibody increase

$2-fold $2-fold

Abbreviations: EU, enzyme-linked immunosorbent assay (ELISA) units per

milliliter; NA, not applicable; PCR, polymerase chain reaction; PT, pertussis

toxin.
a The presence of a single criterion within a definition was sufficient to

establish the diagnosis of pertussis infection.
b Nasopharyngeal aspirates were obtained only from subjects who developed

fever, cough, runny nose, or sore throat during the postexposure monitoring

period.
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after vaccination with Tdap, or recognition of the exposure

$5 days after pertussis was first detected in the index patient

(Figure 1). The remaining 86 exposures were randomized to

azithromycin PEP (n 5 42) or daily symptom monitoring

without PEP (n 5 44). Demographic characteristics were similar

between the 2 groups (Table 2), but subjects randomized to daily

symptom monitoring without PEP recalled less total exposure

time (Table 3).

Seven HCP met the primary definition for pertussis infection

(Table 4), but none developed a cough illness. Five subjects

fulfilled serologic criteria only. Subjects 1 and 2 had a $2-fold

increase in anti-PT IgG titer, but the low titers achieved were

unlikely associated with acute pertussis infection [20]. Subjects

3–5 had a single acute anti-PT IgG titer $94 EU/mL, and all

3 demonstrated a titer decline with the convalescent specimen.

For Subject 3, who was vaccinated only 133 days prior to

obtaining the acute titer, the elevated titer likely represented

a response to Tdap vaccine. Because Subjects 4 and 5 were

vaccinated .1 year prior to obtaining the acute titer, their

elevated titers likely represented a recent pertussis infection, but

the exact timing of the infection could not be determined [21].

To further evaluate whether the observed anti-PT titers were

due to pertussis infection, sera from Subjects 1–5 were tested

post-hoc for anti-FHA IgG using a previously described

validated assay [16]. None of the 5 subjects had a 2-fold rise in

the anti-FHA IgG titer or a single acute or convalescent anti-

FHA titer $358 EU, shown earlier to be associated with an

acute pertussis infection [16].

Figure 1. Study flow diagram. Abbreviations: EU, enzyme-linked immunosorbent assay units per milliliter; HCP, healthcare personnel; IgG,
immunoglobulin G; NP, nasopharyngeal; PCR, polymerase chain reaction; PT, pertussis toxin; Td, tetanus toxoid and reduced diphtheria toxoid vaccine;
Tdap, tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis vaccine adsorbed.
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In addition to the 5 subjects fulfilling serologic criteria, 2 HCP

had a single nasopharyngeal specimen positive for B. pertussis by

PCR (Subjects 6 and 7; Table 4). Subject 6 had an acute naso-

pharyngeal swab positive by PCR (Ct, 35.87) but had no re-

spiratory symptoms and only mildly elevated anti-PT IgG titers,

likely due to recent vaccination (Table 4). Nasopharyngeal as-

pirates were collected from 19 subjects who developed re-

spiratory symptoms during the postexposure monitoring

period, but only Subject 7 had an aspirate positive by PCR (Ct,

34.51). This subject had sore throat without cough that de-

veloped 24 days postexposure, beyond the usual incubation

period for pertussis (range, 5–21 days postexposure) [1]. In

addition, the aspirate was culture negative. Both specimens that

tested positive by PCR did so only when the maximum amount

of template DNA was added, suggesting a limited amount of B.

pertussis DNA was present. Moreover, a high Ct (ie, .35) may

not represent true infection [22]. Alternative explanations for

such low bacterial loads include asymptomatic transient colo-

nization because of an effective immune response in a vacci-

nated person or contamination from amplicon carryover.

Because our PCR assay utilized a single-target (IS481) that has

been associated with false-positive results in other reports [23],

both positive specimens were retested at the CDC using a pre-

viously described 2-target PCR assay (IS481 and ptxS1) [24].

With the 2-target assay, neither specimen tested positive for

pertussis.

Pertussis infection (according to the primary definition) did

not develop postexposure in 41 (97.6%) subjects who received

antibiotic PEP and 38 (86.4%) subjects who did not receive PEP

(absolute risk difference, 211.3%; lower limit of 1-sided 95%

CI, 220.6%; P 5 .81). Two subjects (Subjects 5 and 6; Table 4)

who did not receive PEP did not meet the modified definition

for pertussis infection. According to the modified definition,

pertussis infection did not develop postexposure in 41 (97.5%)

subjects who received antibiotic PEP and 40 (90.9%) subjects

who did not receive PEP (absolute risk difference, 26.7%; lower

limit of 1-sided 95% CI, 214.8%; P 5 .54).

DISCUSSION

Our study did not demonstrate noninferiority of daily symptom

monitoring of Tdap-vaccinated HCP without PEP compared

with antibiotic PEP for preventing pertussis following exposure

as defined in the study. However, given the concerns raised in

the ‘‘Results’’ section, it is likely that none of the HCP who met

the pre-defined serologic or PCR criteria for infection were truly

infected with pertussis. None of the 7 subjects who met the

primary definition developed a cough illness, and asymptomatic

HCP are likely incapable of secondary transmission. Further-

more, the 2 nasopharyngeal specimens in which pertussis DNA

was detected on the single-target PCR assay demonstrated high

cycle thresholds and were negative when retested at the CDC

using the 2-target assay. The 2-target assay included different

DNA extraction and amplification methods than the single-

target assay. Additionally, the 2-target assay was not performed

on the same aliquot of specimen but rather a second aliquot that

Table 2. Characteristics of Pertussis-Exposed Healthcare Personnela

Characteristic

Antibiotic Prophylaxis

(N 5 42)

Daily Symptom

Monitoring Without

Prophylaxis (N 5 44)

Excluded From

Randomization

(N 5 30) P Value

Age at enrollment in years, median (IQR) 27 (26–31) 31 (28–39) 28 (25–42) .05

Female 36 (85.7) 30 (68.2) 23 (76.7) .18

Underlying medical conditionb 1 (2.4) 1 (2.3) 1 (3.3) 1.00

Occupation .18

Registered nurse 20 (47.6) 18 (40.9) 7 (23.3)

Physician 11 (26.2) 19 (43.2) 10 (33.3)

Respiratory therapist 2 (4.8) 3 (6.8) 5 (16.7)

Radiology technician 5 (11.9) 3 (6.8) 6 (20.0)

Nursing aide 1 (2.4) 0 (0.0) 0 (0.0)

Other 3 (7.1) 1 (2.3) 2 (6.7)

Days from vaccination to exposure, median (IQR) 429 (263–671) 336 (216–555) 405 (281–543) .44

Days from exposure to acute visit, median (IQR) 11 (7–13) 10 (7–13) . .56

Data are No. (%) of subjects, unless otherwise indicated.

Abbreviation: IQR, interquartile range.
a Sixteen of 94 healthcare personnel had.1 pertussis exposure and could have contributed data within each column because subjects were randomized following

each exposure. Data represents the summary of all exposures.
b Underlying medical condition includes diabetes mellitus and chronic lung disease. No subjects reported chronic kidney or liver disease, infection with human

immunodeficiency virus, hematologic or solid organ malignancy, or taking oral steroids or other immune suppressants.
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was divided at the time of collection, stored at 270�C for

12–37 months, and underwent at least 2 freeze-thaw cycles. Lack

of concordance by the 2-target assay could also be explained

by lack of homogeneity of bacteria number within the paired

aliquots, extended storage of the second aliquot prior to testing,

or DNA degradation from multiple freeze-thaw cycles. Ex-

haustion of the recovered DNA from the first aliquot tested

prevented further 2-target analysis by the CDC.

Eliminating the need to provide routine antibiotic PEP to

vaccinated HCP following pertussis exposure has many advan-

tages. Reducing antibiotic prescriptions will decrease pharmacy

costs associated with pertussis exposures and diminish adverse

effects secondary to antibiotic use. Additionally, although con-

tact identification to determine the vaccination status of po-

tentially exposed HCP will need to continue, labor costs

associated with evaluating the extent of the exposure and need

for PEP among vaccinated HCP would likely be reduced.

However, a formal cost analysis is necessary to determine

whether withholding antibiotic PEP and daily symptom moni-

toring reduces containment costs of pertussis exposures.

This study has several limitations. The number of pertussis

exposures during the study was much less than expected, as the

national incidence of pertussis during the study period was

substantially lower than the peak in 2004 [25]. In addition,

promotion of the study within the hospital may have raised

awareness among HCP, resulting in increased recognition of

pertussis, prompt institution of respiratory precautions for in-

fected patients, and decreased exposures among HCP. A large

proportion of exposed subjects were excluded from randomi-

zation, mostly because of the presence of respiratory symptoms

at baseline. Most of these symptoms were likely secondary to

intercurrent viral infections or seasonal allergies rather than

pertussis. The limited number of pertussis-exposed HCP who

underwent randomization likely impacted our ability to dem-

onstrate noninferiority.

An additional barrier to demonstrating noninferiority was the

small noninferiority margin, which was selected to reduce the

potential serious consequence of having an infected HCP expose

high-risk patients. Additionally, serology alone may not be ap-

propriate for defining acute pertussis infection in a recently

vaccinated asymptomatic HCP, particularly without a baseline

post-vaccination titer. In future studies, we would strongly

recommend post-vaccination titers be obtained 4 weeks after

vaccination. Finally, the duration of immunity following a single

dose of Tdap is unknown. All HCP in this study were vaccinated

within 4 years prior to their exposure, and these results may not

Table 3. Patient Care Activities During Exposures to Patients With Pertussis Infection

Characteristic

Antibiotic Prophylaxis

(N 5 42)

Daily Symptom

Monitoring Without

Prophylaxis (N 5 44) P Value

Total exposure time to index patient .03

,10 minutes 14 (33.3) 9 (20.5)

10–29 minutes 9 (21.4) 24 (54.6)

30–59 minutes 6 (14.3) 4 (9.1)

$1 hour 9 (21.4) 4 (9.1)

Cannot recall 4 (9.5) 3 (6.8)

Longest single interval of exposure
to index patient

.93

#5 minutes 10 (23.8) 9 (20.5)

6–10 minutes 10 (23.8) 11 (25.0)

11–20 minutes 10 (23.8) 14 (31.8)

.20 minutes 7 (16.7) 6 (13.6)

Cannot recall 5 (11.9) 4 (9.1)

Placed endotracheal, nasogastric or
orogastric tube

1 (2.4) 3 (6.8) .62

Suctioned patient, obtained sputum
sample, or swabbed patient’s
nose or mouth

11 (26.2) 6 (13.6) .18

Changed respiratory tubing or
administered aerosolized
nebulizer therapy

1 (2.4) 2 (4.6) 1.00

Administered oral med or fed
patient by mouth

5 (11.9) 2 (4.6) .26

Taking antibiotics at time of exposure 1 (2.4) 1 (2.3) 1.00

Data are No. (%) of subjects.
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apply to a more extended interval between Tdap vaccination and

pertussis exposure. Currently there are no recommendations for

revaccination of persons who previously received Tdap.

In conclusion, daily symptom monitoring without PEP in

Tdap-vaccinated HCP following pertussis exposure was not

noninferior to antibiotic PEP. However, exposed HCP were

likely misclassified as having pertussis infection, and no recently

vaccinated HCP developed symptomatic pertussis confirmed

with a specific PCR assay or culture following pertussis exposure.

In light of these data, the Advisory Committee on Immuniza-

tion Practices recently recommended antibiotic PEP for all

exposed HCP likely to secondarily expose high-risk patients

(eg, neonates, pregnant women) [26]. Other vaccinated HCP

were recommended to receive either antibiotic PEP or daily

symptom monitoring for 21 days without PEP after pertussis

exposure and antimicrobial treatment if symptoms of pertussis

develop.
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