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SUMMARY

We assessed the quality of evidence for the use of erythromycin in preventing secondary

transmission of pertussis to close contacts of primary cases. A literature search was undertaken

and identified papers were reviewed critically. Thirteen original papers and 1 manuscript met

the inclusion criteria for review (3 randomized controlled trials, 4 analytical studies and 7

descriptive studies). Evidence from both experimental and analytical studies showed little effect

of the use of erythromycin in preventing secondary transmission. Its effect is at best modest

when compared with the protection conferred by use of good quality whole cell vaccine. Three

studies reported adverse events with erythromycin prophylaxis ; these were mainly nausea,

vomiting and abdominal pain. In countries where effective pertussis vaccines are in use,

erythromycin use should be confined to close contacts of cases, particularly unimmunized

children or partially immunized infants who would be most susceptible to the complications of

pertussis, or adults who come into close contact with vulnerable children.

INTRODUCTION

Whooping cough is a re-emerging disease in some

developed countries despite high uptake of pertussis

vaccine [1–5], and remains a major public health

problem in developing countries [6, 7]. In the UK,

pertussis is well controlled [8] although 3 small clusters

of cases were reported in 1996 [9]. Erythromycin

prophylaxis has been advocated to prevent trans-

mission of Bordetella pertussis infection [10, 11] but

the evidence to support its use has not been reviewed

systematically. While erythromycin treatment of cases

has little effect on the clinical course of illness, it does

render the individual culture negative [12]. Recom-

mendations for its use as a prophylactic measure

require evidence of clinical benefit in contacts. We

report the outcome of a systematic review of the

* Author for correspondence.

evidence for the use of erythromycin for prevention of

secondary transmission of pertussis.

METHODS

A ‘Medicine’ search was undertaken for the period

1980–96. Key words used included: ‘whooping

cough’, ‘Bordetella pertussis ’, ‘ treatment’, ‘prophy-

laxis ’, ‘erythromycin’, ‘controlled trials ’, ‘case-con-

trol ’ and ‘cohort studies ’. A manual search of the

references of key review articles on prophylaxis

against pertussis was also undertaken and the articles

gathered over 20 years on pertussis by one of the

authors (EM) were search manually. This included

papers published prior to 1980. Finally, some in-

ternational experts were contacted to see if there were

any other studies currently in progress. The initial

plan was to review only randomized controlled trials
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Table 1. Assessing the quality of the evidence (adapted from reference 13)

I Evidence obtained from at least one properly randomized controlled trial

II-1 Evidence obtained from well designed controlled trials without randomization

II-2 Evidence obtained from well designed cohort or case controlled analytical studies preferably from more than

one centre or research group

II-3 Evidence obtained from multiple time series with or without the interventions, or from dramatic results in

uncontrolled experiments

III Opinions of well respected authorities based on clinical experience, descriptive studies or reports of expert

committees

IV Evidence inadequate owing to problems of methodology, e.g. sample size, length or comprehensiveness of

follow-up, or conflict in evidence

but this was extended to analytical studies (case

control and cohort outbreak investigations) and

uncontrolled descriptive reports (case series and

clinical reports) as there were very few published

controlled trials. The criteria for inclusion in the

review were the use of erythromycin as treatment of

primary cases (i.e. to prevent spread and reduce

infectivity) or as prophylaxis only in secondary

contacts, or both. For experimental and analytical

studies this included appropriate primary and sec-

ondary case definitions and outcome measures.

Studies were then classified to assess the overall

quality of the evidence according to the scheme

adapted from Stevens and Raftery [13] (Table 1).

RESULTS

Thirteen original papers were identified that met the

inclusion criteria. Two were randomized controlled

trials [14, 15], 4 were analytical studies [16–19] and 7

were uncontrolled case reports or outbreak inves-

tigations with descriptive findings [20–26]. In addition,

contact with international experts yielded one trial

recently submitted for publication which was also

reviewed [27].

Experimental studies

Two small double-blind, placebo-controlled, random-

ized trials were published in the early 1980s; 1

evaluated the efficacy of erythromycin in preventing

secondary attacks of pertussis in unvaccinated house-

hold contacts and the other in all household contacts

[14, 15].

In both trials it was concluded that erythromycin

was not effective as a prophylactic measure. However,

sample size calculations were not performed in either

trial and the numbers of subjects recruited into each

study were small (91 contacts in 1 trial and 20 in the

other). It was not clear how randomization was

undertaken and whether this worked. With such small

numbers there are likely to be problems in random-

ization. In one of the trials more contacts in the

treatment group were experiencing symptoms at the

start of treatment compared with the control group.

Also, randomization in this trial was by family unit

but the analysis was carried out in terms of individual

contacts [15]. Neither trial could support any detailed

analysis and both were published as letters.

Recently, a larger, randomized, double-blind,

placebo-controlled clinical trial has been undertaken

in Canada. The use of erythromycin prophylaxis in

household contacts of children with pertussis was

studied [27]. A total of 152 households with a total of

362 contacts were recruited (73 households with 170

contacts received erythromycin and 79 households

with 192 contacts received an identically appearing

placebo). Baseline characteristics of the 2 groups were

comparable and randomization was appropriate. The

presence and duration of symptoms in the index cases

were similar in both groups prior to administration of

chemoprophylaxis to contacts. The primary outcome

measure was bacteriological culture of B. pertussis

from nasopharyngeal aspirates and secondary out-

come measures included compliance with medication,

adverse events, clinical symptoms and antibody

response. The main findings were a significant dif-

ference in secondary cases as measured by positive

cultures (6±6% in the erythromycin group compared

with 20±3% in the placebo group; efficacy 67±5%,

95% confidence intervals (CI) : 7±6–88±7%). However,

apart from post-tussive vomiting being less common

(P¯ 0±02) and a trend for fewer whoops in the

erythromycin group (P¯ 0±09), there was no evidence

of other clinical benefit in those families who received

prophylaxis compared with the placebo group. In

addition there was no difference in serological re-

sponse between treatment and placebo groups. The
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authors concluded that erythromycin may have more

effect in eradicating the organism from the naso-

pharynx than in preventing infection. Compliance was

lower in the erythromycin than the placebo group

(P¯ 0±025) and this group also had significantly more

adverse events with 34±3% vs. 15±9% (P¯ 0±0003)

complaining of any adverse event. These were mainly

diarrhoea (20±3%) and nausea (12±6%).

Analytical studies

The 4 analytical studies are summarized in Table 2.

The main objective of the 3 retrospective cohort

studies was to evaluate the effectiveness of erythro-

mycin as a prophylactic measure. In 2 cohorts, study

households were ascertained by identifying culture-

confirmed or clinically suspect cases of pertussis. Both

of these studies gave reference to the sensitivity and

specificity of the clinical case definitions used and

defined in detail primary, co-primary and secondary

cases [15, 16]. The third cohort was defined by

ascertaining culture or serology positive residents with

respiratory symptoms in an institution for mentally

handicapped people during an outbreak of pertussis

[18].

‘Risk’ factors considered in each study included

age, sex and immunization status. In addition one

study considered household size, crowding, income,

race and source of children’s healthcare as potential

confounding factors [17]. Each study clearly described

the statistical methods used and the outcomes being

measured. One study used a multivariable model to

assess the independent effects of different risk factors

and also the type and dose of erythromycin used [16].

The study by de Serres and colleagues [16] was the

largest, with 246 families participating, a response rate

of 89%. The overall reduction in attack rate was

modest but clinically important. The protection

induced by prophylaxis did not vary with age.

Subgroup analysis showed that when prophylaxis was

used before the onset of a secondary case, the risk of

pertussis was considerably lower than when it was

used after the occurrence of a secondary case (4%

compared with 35%; P! 0±001; relative risk (RR)¯
0±11, 95% CI: 0±06–0±22). The attack rate was lower if

chemoprophylaxis was given within 21 days after

onset in a primary case (11% compared with 29%)

with attack rates being similar in contacts given

prophylaxis after 21 days compared with families

without prophylaxis (29% compared to 25%). A

logistic regression model (which included vaccination

status, age, use of prophylaxis before or after the

onset of secondary cases and delay before prophylaxis)

showed that only increasing age (P! 0±001) and use

of prophylaxis before onset of secondary case (P¯
0±001) were independently associated with protection

against pertussis. Further analysis of culture-proven

cases only did not alter these findings.

The study by Sprauer and colleagues [17] looked at

the effect of treatment of the index case as well as

prophylaxis for household contacts in preventing

secondary cases. Although relatively small with a total

of 37 households participating (17 with secondary

spread and 20 without spread), the 2 comparison

groups were similar in respect of a number of

potentially confounding characteristics. A stan-

dardized questionnaire was used to ascertain ex-

posures reducing the chance of information biases.

However, the potential to use a multivariable model

was not explored. A higher proportion of patients

received erythromycin in households with no sec-

ondary spread and the proportion given prophylaxis

within 3 weeks of onset in a primary case was also

higher. There was also an association between delay in

initiating treatment in primary cases and prophylaxis

in contacts, and secondary spread (see Table 2).

In the study by Steketee and colleagues [18],

erythromycin was given as treatment or prophylaxis

to 219 residents in exposed wards. Different sources

were used to gather data including the memories of

staff members. It was not clear whether the ques-

tionnaire used was standardized, thus the potential for

information recall biases was increased. The timing

between onset of a first case on a ward and the start

of erythromycin treatment or prophylaxis differed

between wards as the intervention was instituted in

the 17th week of the outbreak. A significant difference

in attack rates was found in those residents who were

given erythromycin late compared with those who

were given it early (Table 2). However, it was not clear

how comparable these 2 groups were in terms of age,

sex, exposure risk and immunization status. The

findings of this study which showed a nearly fivefold

reduction in attack rate with early use of prophylaxis

should thus be treated with some caution.

Adverse effects of erythromycin were considered in

two cohort studies. In one study 84% of subjects (n¯
309) who received prophylaxis completed all their

medication, 6% had to stop because of adverse effects

(mainly abdominal pain, nausea, vomiting and di-

arrhoea) and 10% interrupted prophylaxis without

any stated reason [16]. In the other study carbam-
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azepine toxicity was observed in 7 out of 37 mentally

handicapped residents who were treated concurrently

with carbamazepine and erythromycin [18].

Biellik and colleagues [19] compared 61 ‘case

households’ with 62 randomly selected community

‘control households’ and 58 neighbourhood ‘control

households’ in a case control study. Case households

were ascertained by identifying culture-confirmed

cases using an active laboratory-based surveillance

covering over 90% of residents in the study area in a

defined time period. A detailed description of how

control households were selected is given clearly.

Cases identified in the study households were defined

according to the presence of clinical syndromes or

laboratory confirmation. The sensitivity and speci-

ficity of the clinical case definitions used was refer-

enced. Cases were also classified into primary, co-

primary, second primary and secondary cases. Both

the type and duration of erythromycin were given. Its

use as prophylaxis was based on a subgroup analysis of

61 case households which were stratified into 2 groups,

those in which secondary transmission occurred after

exposure to a primary case (n¯ 15) and those with no

secondary cases (n¯ 34). Case households with co-

primary or secondary primary cases were excluded

(n¯ 12). The 2 groups were comparable in respect of

a number of potential confounders. There were signi-

ficant associations between early initiation of erythro-

mycin therapy and prophylaxis and households

without secondary spread (Table 2).

Descriptive studies

Six of 7 studies suggested that erythromycin was an

effective prophylactic agent. Of these, 3 gave micro-

biological evidence of colonization in secondary

contacts [20–22]. Prophylaxis eliminated colonization

and prevented development of clinical symptoms in 29

of 30 culture-confirmed contacts. However, it is not

possible to say that this was due to prophylaxis. In

one study, undertaken over 10 years, 35 pregnant

mothers with serology or culture confirmed pertussis

at delivery were followed up [23]. All the women

received treatment with erythromycin a few days prior

to delivery and 28}35 new-born infants received

prophylaxis (22 new-borns for 10 days and 6 for 5

days, all at 40 mg}kg body weight) starting at birth.

The infants were nursed by their mothers and none

developed symptoms of whooping cough. One study

that suggested erythromycin to be ineffective was

based on a single colonized contact. Following

prophylaxis for 5 days, eradication did not occur and

symptoms of infection developed [24].

DISCUSSION

Reviewing the available evidence enables clinicians to

make informed decisions and public health authorities

to formulate appropriate guidelines. We found very

few published experimental and analytical studies.

Only one large, well-designed trial (awaiting pub-

lication) assessing the protective effect of erythro-

mycin prophylaxis in preventing secondary cases of

pertussis after contact with primary cases, has been

undertaken recently. The primary outcome measured

used was bacteriological culture. However it may have

been more appropriate to use a clinical case definition

(e.g. WHO case definitions for pertussis) [28] in

combination with culture or serology as primary

outcome measures. This trial produced little evidence

of clinical benefit in the families who received

prophylaxis compared with placebo. However, if the

effect of erythromycin is at best modest then even this

trial may not have had sufficient power to detect a

difference. We calculated that with 80% power and

5% significance, 317 households would be required in

each arm to detect a reduction in attack rate of 10%.

All 4 analytical and 6 of 7 descriptive studies

reviewed favoured the use of erythromycin as prophy-

laxis for close contacts. The most convincing evidence

came from a recent well-designed, large cohort study

[16]. The analytical studies consistently suggested that

early initiation of prophylaxis was an important

factor in preventing secondary cases. Two studies also

gave evidence of early initiation of therapy in primary

cases as an important factor in preventing trans-

mission. The studies which stated the dose and

duration of erythromycin prophylaxis used a dose of

40–50 mg}kg}day for children and 250–500 mg for

adults in three divided doses for 10–14 days duration.

In this review studies in languages other than

English and other unpublished studies were excluded

from the search routine and thus some studies may

have been missed. However, we believe that most

important published studies have been reviewed. We

were unable to undertake a meta-analysis and derive

summary statistics as the studies reviewed were of

different designs and had slightly different case

definitions. None of the analytical studies reviewed

were carried out in the UK. However, since a
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biological effect was being observed the findings

reported should be applicable to the UK population.

Although there may be serotype variations in pertussis

these are unlikely to be related to antimicrobial

sensitivity.

Erythromycin appears to be modestly efficacious in

preventing secondary cases of pertussis although the

effect appears to increase with decreasing vigour of

the study design. A number of other issues need to be

considered when formulating guidelines to ensure

effectiveness in outbreak control. Pertussis is most

infectious during the early catarrhal phase when it

may not be recognized. By the time the infection is

recognized it may be too late to give prophylaxis. Our

review indicates that the best time to give prophylaxis

is before 21 days (preferably 14 days) of onset of

paroxysmal cough in the primary case and preferably

before a secondary case has occurred. This means that

clinicians would have to rely on a clinical diagnosis to

treat contacts. In targeting prophylaxis effectively 2

problems may arise ; first, not all cases of paroxysmal

coughing are due to pertussis and reliance on a clinical

case definition could lead to overuse of erythromycin;

secondly adults or children who have been immunized

may not have a typical clinical presentation, which

could lead to underuse of erythromycin.

Compared with the effectiveness of the whole cell

vaccines used in Europe, and some of the new acellular

products [29–31], the efficacy of erythromycin in

protecting contacts appears modest. Infants have

higher death rates (particularly under 3 months) and

hospital admissions (particularly under 11 months)

[32]. Unvaccinated children have more severe illness

and are also more likely to be admitted to hospital

(particularly those under 5 years) [33]. This suggests

that erythromycin prophylaxis would be most bene-

ficial in households or closed institutions with un-

immunized children or partially immunized infants

who are at increased risk of the complications of

pertussis. In the USA and Canada, erythromycin

prophylaxis has been recommended for all contacts

irrespective of vaccination status [10, 11]. This policy

was developed prior to the publication of the large

cohort study and clinical trial undertaken in Canada

which show the efficacy of erythromycin prophylaxis

to be modest [16, 27]. Furthermore the evidence on

which the Canadian and American recommendations

were based was not presented as a systematic review.

The use of erythromycin prophylaxis for all contacts

irrespective of vaccination status may increase the risk

benefit ratio for older children and adults in the UK

where the efficacy and uptake of whole cell vaccine is

good. Recent evidence suggests that the efficacy of one

US whole cell pertussis vaccine is poor [34].

The adverse effects of the use of erythromycin need

to be balanced against the potential benefits. Adverse

effects assessed by three of the papers reviewed were

mostly due to gastrointestinal disturbances and

compliance was fairly good. However, the newer

generation of macrolides (clarithromycin and azi-

thromycin) may have several advantages over erythro-

mycin, including improved oral bioavailability, longer

half-life, allowing once or twice daily administration,

higher tissue concentrations, enhanced antimicrobial

activity and fewer gastrointestinal adverse effects [35].

Although there have been no specific studies of

prevention of secondary transmission of pertussis

using these newer macrolides, their biological effect is

considered to be similar to erythromycin. They may

be considerably more expensive to use.

In conclusion, there is only weak evidence to

support the use of erythromycin prophylaxis. The

overall quality of this evidence was judged to be II-2

(Table 1). The effect is at best modest when compared

with the protection conferred by an effective whole

cell vaccine. There is no evidence of any benefit to

contacts other than household-type contacts (i.e.

living under the same roof). Prophylaxis needs to be

given before 21 days of onset of a primary case, both

as therapy to the primary case and prophylaxis to

contacts, in adequate dosage (40–50 mg}kg for chil-

dren and 250–500 mg for adults in three divided doses)

and duration (10–14 days) and restricted to house-

holds where there are vulnerable contacts.
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