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Key messages

What is already known about this subject?
 ► Rheumatic heart disease (RHD) affects 
33 million people worldwide, with 
affected individuals requiring long-term 
chemoprophylaxis in the form of monthly 
benzathine penicillin G (BPG) injections. 
There have been anecdotal reports of deaths 
following BPG administration for many years 
now.

What does this study add?
 ► This case series is the first to compile adverse 
events after BPG administration for secondary 
prophylaxis of acute rheumatic fever. In 
compiling these cases, we have developed a 
new hypothesis for the cause of fatal adverse 
reactions in children with RHD. We believe that 
this paper represents a major new approach 
to understanding why individuals with RHD 
continue to die after BPG injection.

How might this impact on clinical practice?
 ► We anticipate that this research will be of 
interest to clinicians in all countries with a 
high burden of RHD. If future studies support 
our hypothesis, it could result in altered 
management for those with severe valvular 
disease.

AbsTrACT
Objective Secondary prophylaxis through long-term 
antibiotic administration is essential to prevent the 
progression of acute rheumatic fever to rheumatic heart 
disease (RHD). Benzathine penicillin G (BPG) has been 
shown to be the most efficacious antibiotic for this 
purpose; however, adverse events associated with BPG 
administration have been anecdotally reported. This study 
therefore aimed to collate case reports of adverse events 
associated with BPG administration for RHD prophylaxis.
study design A literature review was used to 
explore reported adverse reactions to BPG and inform 
development of a case report questionnaire. This 
questionnaire was circulated through professional 
networks to solicit retrospective reports of adverse 
events from treating physicians. Returned surveys were 
tabulated and thematically analysed. Reactions were 
assessed using the Brighton Collaboration case definition 
to identity potential anaphylaxis.
results We obtained 10 case reports from various 
locations, with patients ranging in age from early-teens 
to adults. All patients had clinical or echocardiogram-
obtained evidence of valvular disease. The majority of 
patients (80%) had received BPG prior to the event with 
no previous adverse reaction. In eight cases, the reaction 
was fatal; in one case resuscitation was successful and 
in one case treatment was not required. Only three cases 
met Level 1 Brighton criteria consistent with anaphylaxis.
Conclusion These results indicate that anaphylaxis 
is not a major cause of adverse reactions to BPG. An 
alternative mechanism for sudden death following BPG 
administration in people with severe RHD is proposed.

InTrOduCTIOn
Worldwide, 33 million people live with rheumatic 
heart disease (RHD), the vast majority in devel-
oping countries.1 The remainder of people with 
RHD live in vulnerable or indigenous communities 
worldwide. RHD stems from an abnormal immune 
reaction to group A streptococcal infection (GAS), 
precipitating acute rheumatic fever (ARF). Repeated 
GAS infections cause recurrent ARF episodes in 
susceptible individuals. These recurrent episodes 
induce irreversible heart valve damage known 
as rheumatic heart disease. RHD significantly 
increases mortality owing to increased incidence of 
heart failure, arrhythmias, stroke, endocarditis and 
maternal compromise during pregnancy.2

Benzathine penicillin G (BPG) is the mainstay 
of prevention and treatment of RHD. BPG is 
formed by the addition of benzathine counterion 

to penicillin sodium creating a molecule with poor 
aqueous solubility. Intramuscular injections of BPG 
provide protracted serum penicillin concentration 
detectable for weeks.3 4 This ‘slow release’ profile 
means that BPG can be administered every 2, 3 or 
4 weeks to people with a history of ARF to reduce 
the risk of recurrent GAS infections and ARF 
episodes. At high levels of adherence this secondary 
prophylaxis strategy reduces RHD progression and 
severity. Emerging data suggest that high adherence 
(>80% of scheduled injections) is associated with 
reduced mortality from RHD.5 Prophylaxis with 
oral alternatives was found to be less effective at 
preventing ARF recurrences in all four relevant 
studies identified in a 2013 systematic review.6 
Three of these studies also found that oral alterna-
tives were less effective at preventing streptococcal 
throat infections.6 On this basis, the 2010 American 
Heart Association guidelines for secondary prophy-
laxis identify provide a grade 1A recommendation 
for four times a week intramuscular BPG relative to 
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oral penicillin given two times a day, which is a grade 1B recom-
mendation.7 Secondary prophylaxis is widely recommended for 
10 years after the first episode of ARF.7

Anecdotal reports of adverse reactions to BPG have been 
commonly heard at cardiology conferences for several years, 
highlighting clinician concern over perceived quality issues.8 
In 2013, the World Heart Federation surveyed 39 clinicians 
prescribing BPG: 20% reported having a patient die from 
anaphylaxis and 26% knew of a case of anaphylaxis to BPG 
causing death.9

Serious adverse reactions can have a devastating effect on RHD 
control programmes. Historically, physician fear of anaphylaxis 
was found to be one of the major reasons for discontinuation 
of BPG prophylaxis.10 Some states in India have banned BPG 
injections given concerns about adverse reactions.4 In Israel, 
BPG products have been withdrawn and physicians advised to 
use alternative medications.11 Understanding and addressing 
these events is imperative to realise the disease altering benefits 
of secondary prophylaxis for people living with RHD.

Penicillin drugs are one of the most frequent culprits in 
immune-mediated drug reactions.12 However, contemporary 
data about the prevalence of penicillin allergy are difficult to 
collect given penicillin allergy is widely over-reported. Idsøe et 
al undertook a review and reported the frequency of allergic 
reactions to penicillin occurring between 0.7% and 10%.13 The 
rate of anaphylactic reaction was 0.015%–0.04%, with fatality 
occurring in 0.0015%–0.002% of patients.13

This study was prompted by anecdotal reports of serious 
adverse reactions to BPG used for secondary prophylaxis of 
ARF. Our case series offers a contemporary snapshot of reported 
events over the last 10 years. We aimed to systematically describe 
adverse reaction cases, assess potential aetiology of adverse reac-
tions and inform a strategy for responding to these reports.

MeTHOds
Literature review
A semistructured review strategy was used to identify adverse 
reactions to BPG. Articles were found by searching PubMed 
with the following search strings:

 ► ((penicillin)) AND (adverse effect or adverse reaction or 
anaphylaxis) AND (rheumatic or ARF or RHD)

 ► ((benzathine penicillin or BPG)) AND (adverse effect or 
adverse reaction or anaphylaxis)

Additional articles were retrieved from the references of arti-
cles originally selected. The search strategy covered publications 
from 1950 to December 2017. Only articles written in English 
were considered.

Study design
The study is a retrospective case series. Approval for the study 
was obtained from the University of Western Australia Human 
Research Ethics Committee (# RA/4/1/7899). Written consent 
was obtained from each participating physician prior to inclu-
sion in the study.

A questionnaire was sent to clinicians reporting each case, 
seeking information on patient demographics, details of 
BPG prophylaxis, description of the adverse event, postevent 
follow-up and a free text section for additional comments.

Recruitment of adverse event cases began in March 2016 and 
was completed in April 2017. The sampling strategy was broad 
based. Colleagues from the professional network of authors 
JC and RW were contacted to solicit participation. Authors of 
papers reporting BPG reactions were approached to participate. 

Opportunities to contribute to this case series were widely 
advertised: a call for participants was placed in several editions 
of RHD Beat (the quarterly newsletter of RHD Action) over the 
course of the study recruitment period. In addition, the study 
was discussed at international cardiology meetings in Ethiopia 
and Mexico.

Participants (clinicians reporting adverse event cases) were 
sent a study pack, comprising of an information sheet, the 
consent form and the research questionnaire. All questionnaires 
that were returned with signed participant consent form were 
included. Incomplete questionnaires were included, although 
attempts were made to contact the treating physician via email 
for additional information. Survey participants were limited to 
healthcare practitioners who had an RHD patient experience 
an adverse event following BPG administration for secondary 
prophylaxis since 2005. Following email engagement with 
potential participants, study packs were sent to 14 potential 
participants. Six individual physicians responded providing 10 
total cases, for a 43% response rate.

Returned surveys were tabulated and thematically analysed 
with key foci collated from the answers. To explore potential 
aetiology of adverse reactions, each case was assessed against the 
Brighton Collaboration case definition of anaphylaxis by three 
authors (SM, RW, RH).14 Of the numerous anaphylaxis scoring 
tools, the Brighton Criteria were selected because they were 
initially developed to assess anaphylactic reactions to immu-
nisation; therefore they were amenable to use in low resource 
settings and provide an indication of diagnostic certainty in 
complex scenarios.

The Brighton Criteria identify three features of anaphylaxis 
required to assess any level of diagnostic certainty: sudden onset, 
rapidly progressive signs and symptoms and involving multiple 
(≥2) organ systems.14 Major and minor criteria are used across 
four organ systems as outlined in table 1.

Events are described by level of diagnostic certainty from most 
certain (Level 1) to least certain (Level 3).

Data were partially deidentified, with year of adverse event 
removed from the data set. Gender, age and country of the case 
were preserved for demographic analysis.

resuLTs
Literature review
Nineteen reports were identified describing adverse events 
following BPG administration. Twelve reports pertained to 
patients receiving BPG for RHD prophylaxis and seven to 
patients receiving BPG for other indications. A report of adverse 
reaction to BPG was also identified from pharmacovigilance 
activities in Zimbabwe. These are reported chronologically to 
illustrate the changing pattern of adverse reactions over time.

Adverse reactions to BPG injections were first reported in the 
early 1950s including rash, serum sickness and localised reac-
tions at injection site including pain and swelling.15 In 1958, Hsu 
and Evans reported a cohort study including systemic adverse 
reactions in 6 of 32 adults with RHD. The majority of these were 
cutaneous reactions. One serious, systemic adverse reaction was 
reported in a 54-year-old woman with advanced valvular RHD. 
After 18 months of regular BPG injections, the patient collapsed 
within minutes of routine BPG administration and died.16

Steigmann and Suker in 1962 outlined a case series of three 
fatalities attributed to anaphylactic shock following BPG admin-
istration: a 19-year-old man, a 49-year-old man and a woman of 
unspecified age.17 All three patients had RHD with either known 
cardiac complications or cardiomegaly at autopsy. In 1976, Lue 
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Table 1 Brighton criteria for anaphylaxis14

Organ systems Major criteria Minor criteria

Dermatological or 
mucosal

 ► Generalised 
urticaria (hives) 
or generalised 
erythema

 ► Angioedema (not 
hereditary), localised 
or generalised

 ► Generalised pruritus 
with skin rash

 ► Generalised pruritus without 
skin rash

 ► Generalised prickle 
sensation

 ► Localised injection site 
urticarial

 ► Red and itchy eyes

Cardiovascular  ► Measured 
hypotension

 ► Clinical diagnosis 
of uncompensated 
shock indicated by 
at least three of the 
following:

 – Tachycardia
 – Capillary refill 

>3 s
 – Reduced central 

pulse volume
 – Decrease level 

or loss of 
consciousness

 ► Reduced peripheral 
circulation as indicted by 
the combination of at least 
two of:

 – Tachycardia
 – A capillary refill time of 

>3 s without hypotension
 – A decreased level of 

consciousness

Respiratory  ► Bilateral wheeze 
(bronchospasm)

 ► Stridor
 ► Upper airway 

swelling (lip, tongue, 
throat, uvula or 
larynx)

 ► Respiratory distress, 
defined by two 
or more of the 
following:

 – Tachypnoea
 – Increased use 

of respiratory 
muscles

 – Recession
 – Cyanosis
 – Grunting

 ► Persistent dry cough
 ► Hoarse voice
 ► Difficulty breathing without 

wheeze or stridor
 ► Sensation of throat closure
 ► Sneezing, rhinorrhoea

Gastrointestinal  ► Diarrhoea
 ► Abdominal pain
 ► Nausea
 ► Vomiting

Laboratory Mast cell tryptase elevation 
>upper normal limit

et al reported seven allergic reactions (one delayed type reaction, 
four serum sickness reactions and two anaphylactic reactions) in 
105 patients with ARF or RHD.10 Demographics and outcomes 
for the patients who suffered anaphylactic reaction were not 
reported.

The only large-scale study to date was a prospective study 
carried out in 1991 by the International Rheumatic Fever Study 
Group.18 A total 1790 patients were enrolled over 1988–1990, 
an equivalent period of 2736 patient years. A total of 32 430 
injections were given. Allergic reaction following BPG admin-
istration was reported in 57 of 1790 patients. Four episodes of 
anaphylactic reactions occurred; three of these people recorded 
as having anaphylaxis were being actively treated for cardiac 
failure. Three recovered and one died: a 15-year-old girl with 
severe mitral valve disease and chronic congestive cardiac failure 
who died 6 days after injection. From this study, the rate of 
allergic reaction to BPG was estimated at 3.2%, with anaphylaxis 

estimated at 0.2%. The frequency of anaphylactic reaction was 
calculated at 1.23 per 10 000 injections.19

Sporadic reports of other adverse reactions were identified in 
published literature. In 2000, a WHO Drug Information Bulletin 
reported the deaths of two male patients in Zimbabwe, aged 10 
and 14 years, both following BPG administration for RHD.20 
Regmi and Upadhyaya in Nepal reported 65 patients with 
allergic reactions, including 5 anaphylactic reactions, in over 
4700 patients in 2011.21 There were no reported fatalities in this 
study. In 2014, a Turkish group reported suspected allergic reac-
tion in 11 of 535 children, although following further testing all 
skin prick tests were negative and only one provocation test was 
positive.22 In Nigeria, an 11-year-old girl was successfully resusci-
tated following reported anaphylaxis after BPG for RHD; while 
in India a 40-year-old woman died.23 24 Two deaths were also 
reported in young people receiving BPG for secondary prophy-
laxis of rheumatic fever in Switzerland/Israel. Both patients were 
male (aged 10 and 12 years) with severe mitral valve disease.11

These studies and their reported reaction rates, as well as any 
fatalities, are summarised in table 2. Estimates for the rate of 
allergic reaction to BPG in patients with RHD range widely, 
from 1.21%15–18.7%,16 and 0.12%21–3.1%16 for anaphylactic 
reaction. A total of 157 allergic reactions were reported, for an 
overall rate of 2%. Total 21 anaphylactic reactions and 10 fatal-
ities were reported, for a rate of 0.27%.

Cases
We received 11 completed physician questionnaires comprising 
11 individual cases. One case was excluded because BPG was 
administered during an unrelated surgical procedure, not for 
prophylaxis of RHD.

Case 1 (Female, 12, Timor-Leste)
A 12-year-old woman with valvular heart disease: Valve 
disease was reported as severe aortic and mitral regurgitation 
with ‘intractable heart failure’. The patient had not previously 
received any BPG injection. She had no history of adverse reac-
tions to any other medicine. Powered BPG was mixed with an 
unspecified volume of water for injection and administered 
into the dorsogluteal muscle at a tertiary hospital. Immediately 
following the injection, the patient experienced ‘shock and 
wheeze’. Within half an hour, she developed hypertension and 
severe dyspnoea. She was treated with epinephrine, intravenous 
fluids, oxygen and steroids. The patient died within 2 hours of 
BPG administration.

Brighton Criteria: Level 2 (one major cardiovascular AND 
one major respiratory criterion)

Case 2 (Female, 12, India)
A 12-year-old woman with valvular heart disease: Valve disease 
was reported as severe mitral stenosis. The patient had been 
receiving BPG for 8 months, without any evidence of adverse 
reactions to BPG. Details of adverse reaction to any other medi-
cation were unavailable. Powered BPG was administered into 
the dorsogluteal muscle at a private clinic. The diluent used was 
not known to the respondent. Within2–3 min, the patient had 
collapsed and died. Details regarding clinical symptoms and 
attempted treatment and attempted resuscitation are not avail-
able for this case.

Brighton Criteria: Uncertain—unable to assess due to missing 
data
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Table 2 Allergic and anaphylactic reactions following BPG administration for RHD prophylaxis

study Year demographics

Allergic reactions Anaphylactic reactions

Fatalities
number of events
(total patients) %

number of events 
(total patients) %

Stollerman et al15 1952 Children (6–14 years) 4 (135) 3.0 0 (135) 0 0

Diehl et al43 1954 Children (5–20 years) 2 (96) 2.1 0 (96) 0 0

Stollerman et al15 1955 Children (6–16 years) 5 (410) 1.2 0 (410) 0 0

Hsu and Evans16 1958 Adults (20–54 years) 6 (32) 18.7 1 (32) 3.1 1

Steigmann and Suker17 1962 Adults
(19yo, 49yo, ‘middle-aged woman’)

N/A N/A 3 (3) 100 3

Lue et al10 1976 Children (age not specified) 7 (105) 6.7 2 (105) 1.9 N/R

Markowitz and Lue39 1991 Children and adults (5–28 years) 57 (1792) 3.2 4 (1792) 0.2 1

WHO44 2000 Children (10–14 years) N/A N/A 2 (2) 100 2

Regmi and Upadhyaya21 2011 Children and adults (age not specified) 65 (4712) 1.4 5 (4712) 0.1 0

Kaya et al22 2014 Children (5–16 years) 11 (535) 2.1 0 (535) 0 0

Sani et al24 2015 Children (0–15 years) N/A N/A 1 (47) N/A 0

Kalani et al23 2016 Adults (40yo) N/A N/A 1 (1) N/A 1

Berkovitch et al11 2018 Children and adults (10–91 years) N/A N/A 2 (2) N/A 2

  Total 157   21   10

BPG, benzathine penicillin G; N/R, not reported; RHD, rheumatic heart disease.

Case 3 (Male, 13, Egypt)
A 13-year-old man with valvular heart disease: Valve disease 
reported as with mild-moderate mitral regurgitation and 
tricuspid regurgitation of unspecified severity. This patient had 
been receiving BPG for 5 years. He had two previous (unspeci-
fied) reactions to BPG injections. BPG injections were ceased for 
3 months following reaction and then resumed. The patient had 
no history of reaction to any other medication. Powdered BPG 
mixed with sterile water was administered into the dorsogluteal 
muscle at a pharmacy. Immediately following administration of 
BPG, the patient developed syncope with peripheral cyanosis. 
No treatment was administered. The patient experienced leth-
argy for the next 2 days before reporting a full recovery. He 
continues to receive BPG injections.

Brighton Criteria: Did not meet criteria for likely anaphylaxis

Case 4 (Female, 15, Uganda)
A 15-year-old woman with valvular heart disease: Valve disease 
was reported as severe, with severe mitral regurgitation (jet 
length=8.4 cm) and moderate tricuspid regurgitation (pressure 
gradient 80 mm Hg, reflecting likely ¾ systemic pulmonary 
artery pressure). The patient had received BPG for 11 months 
at the time of the adverse event, with no previous adverse reac-
tion to either BPG or any other medication. Powdered BPG 
was mixed with water for injection (10 mL) and lidocaine (2 
mL) and then injected into the dorsogluteal muscle at a regional 
hospital. Immediately following injection, the patient experi-
enced syncope, bradycardia and apnoea, as well as clinically 
unconfirmed hypotension. She was treated with epinephrine, 
steroids, ventilation and atropine. Cardiopulmonary resuscita-
tion (CPR) was administered for 30 min however the patient 
deceased.

Free text information provided by the treating physician stated 
the patient felt unwell the day of injection. The treating physi-
cian obtained collateral history from the patient’s mother who 
stated ‘had not voided urine in the 3 days’ before BPG injection. 
The treating physician commented ‘it is possible that she was in 
early stage renal failure’.

Brighton Criteria: Did not meet criteria for likely anaphylaxis

Case 5 (Female, 16, Nepal)
A 16-year-old woman with valvular disease: The severity or 
nature of heart valve disease was not described. The patient had 
been receiving BPG for 7 years at the time of the adverse event 
with no previous adverse reaction to BPG or any other medica-
tion. The reporting physician volunteered that her previous skin 
prick test was negative. Powdered BPG was mixed with sterile 
water and injected into the dorsogluteal muscle at a regional 
hospital. Within an hour of administration of BPG, the patient 
experienced giddiness, itching and skin rash, followed by hypo-
tension and dyspnoea. She was treated with epinephrine, atro-
pine, steroids, antihistamines and oxygen and died on the day of 
BPG injection.

Brighton Criteria: Level 1 (one major dermatological AND 
one major cardiovascular AND one major respiratory criterion)

Case 6 (Male, 17, Uganda)
A 17-year-old man with valvular heart disease: Valve disease 
was reported as severe aortic insufficiency, mild mitral stenosis, 
severe mitral regurgitation (jet length 8.3 cm) and severe tricuspid 
regurgitation. The patient had been receiving BPG for 7 months, 
with no previous adverse reaction to either BPG or other medi-
cation. Powdered BPG was mixed with sterile water (10 mL) and 
lidocaine (2 mL) and administered into the dorsogluteal muscle 
at a regional hospital. Immediately following administration, the 
patient experienced ‘dizziness and hypotension’. He was treated 
with epinephrine, hydrocortisone, lignocaine, dextrose, intrave-
nous fluids and oxygen. CPR was terminated after 1 hour and 
the patient deceased.

Brighton Criteria: Uncertain—unable to assess due to missing 
data

Case 7 (Female, 19, Nepal)
A 19-year-old woman with known valvular disease: The severity 
of valve disease was not reported. The patient had had been 
receiving BPG for the past 6 months with no previous adverse 
reaction to BPG or any other medications. The reporting clini-
cian volunteered that the patient had had a previous a negative 
skin test for penicillin allergy. Powdered BPG was mixed with 
sterile water and administered into the dorsogluteal muscle at 
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Table 3 Characteristics and outcomes of received cases

Case Case demographics Valvular disease Prior Adr to bPG Type of bPG administered Time to adverse event brighton criteria Outcome

1 Female, 12,
Timor Leste

Yes No* Powdered Immediate Level 2 Death

2 Female, 12, India Yes No Powdered Immediate Uncertain† Death

3 Male, 13,
Egypt

Yes Yes Powdered Immediate Did not meet 
criteria

Full recovery

4 Female, 15, Uganda Yes No Powdered Immediate Did not meet 
criteria

Death

5 Female, 16, Nepal Yes No Powdered <1 hour Level 1 Death

6 Male, 17, Uganda Yes No Powdered Immediate Uncertain† Death

7 Female, 19, Nepal Yes No Powdered <1 hour Level 2 Full Recovery

8 Female, 24, Nepal Yes No Powdered <1 hour Level 1 Death

9 Male, 32, Uganda Yes No Powdered Immediate Uncertain† Death

10 Male, 35, Nepal Yes No Powdered <1 hour Level 1 Death

*First dose of BPG.
†Unable to assess due to missing data.
ADR, adverse drug reaction; BPG, benzathine penicillin G.

a regional hospital. Within an hour of administration of BPG, 
the patient experienced giddiness, itching, dyspnoea and hypo-
tension. She was treated with epinephrine, atropine, steroids, 
antihistamines and oxygen. She fully recovered from this event 
and was switched to oral prophylaxis with erythromycin.

Brighton Criteria: Level 2 (one minor dermatological AND 
one major cardiovascular AND one major respiratory criterion)

Case 8 (Female, 24, Nepal)
A 24-year-old woman with valvular disease: The severity of 
valve disease was not reported. She had been receiving BPG for 
5 years with no previous adverse reaction to BPG or any other 
medications. The reporting clinician volunteered that the patient 
had had previous a negative skin test for penicillin allergy. 
Powdered BPG was mixed with sterile water and administered 
into the dorsogluteal muscle at a tertiary hospital. Within 1 hour 
of following administration of BPG, the patient experienced 
giddiness, itching and skin rash, followed by hypotension and 
dyspnoea. She was treated with epinephrine, atropine, steroids, 
antihistamines and oxygen, but died that day.

Brighton Criteria: Level 1 (one major dermatological AND 
one major cardiovascular AND one major respiratory criterion)

Case 9 (Male, 32, Uganda)
A 32-year-old man with valvular disease: The severity of valve 
disease was not reported. He had been receiving BPG secondary 
prophylaxis for 3 years with no previous adverse reaction to 
BPG or any other medications. Powdered BPG was mixed with 
sterile water and administered into the dorsogluteal muscle in 
a tertiary hospital. Within 5 min of injection the patient devel-
oped ‘sudden drop of blood pressure, cessation of breathing and 
loss of consciousness’. Epinephrine, promethazine and intrave-
nous fluids were immediately given. Treatment was escalated to 
Advanced Life Support (not further described by respondent). 
The patient failed to respond after 1 hour and died on the day 
of BPG administration.

Brighton Criteria: Uncertain—unable to assess due to missing 
data

Case 10 (Male, 35, Nepal)
A 35-year-old man with valvular heart disease: The severity 
of valve disease was not reported. He had been receiving BPG 
prophylaxis for 10 years at the time of reaction and had not had 
any previous reactions to BPG or other medications. He had a 

previous negative skin prick test. Powdered BPG, mixed with 
sterile water, was administered into the dorsogluteal muscle. 
Less than 1 hour following administration of BPG, the patient 
experienced giddiness, shortness of breath, itching and rash, 
followed by tachycardia, respiratory distress and hypotension. 
He was given epinephrine, steroids, antihistamine, oxygen and 
ventilated, but died that day.

Brighton Criteria: Level 1 (one major dermatological AND 
one major cardiovascular AND one major respiratory criterion)

Comparison of cases
The characteristics and outcome of the adverse reactions in the 
10 cases that we received are summarised in table 3.

dIsCussIOn
This case series confirms that fatal events following BPG injec-
tions occur in the setting of ARF prophylaxis. Previous reports 
were largely anecdotal, reported by clinicians at conferences 
and meetings. This structured survey of clinicians has improved 
these descriptions and facilitated preliminary analysis of poten-
tial causes. However, eliciting accurate descriptions of trau-
matic events in low-resource settings is challenging. Incomplete 
documentation made it difficult to address the strict criteria 
for anaphylaxis described by the Brighton criteria. It remains 
unclear as to the exact cause of death in several individuals. We 
explore four hypotheses to explain the deaths.

The first hypothesis is that these deaths are anaphylactic 
reactions. In all cases, the adverse event occurred within 1 
hour of BPG administration, consistent with the core defini-
tion of anaphylaxis as having ‘rapid onset’.14 A number of the 
cases had evidence of cardiovascular and respiratory compro-
mise; however, only three of our cases reported dermatological 
symptoms, which are needed to meet Level 1 Brighton criteria 
for anaphylaxis.14The Level 1 cases in this case series probably 
reflect true anaphylaxis, although it is notable that all of these 
cases occurred in Nepal. Two cases met only Level 2 diagnostic 
certainty indicating a less clear classification of anaphylaxis. Two 
cases were unlikely to be anaphylactic in nature and three cases 
lacked sufficient data for classification.

Of the non-fatal reaction in this case series, one patient had 
a potential anaphylactic reaction (Case 7, Brighton Level 2) and 
responded to treatment for anaphylaxis, including epinephrine. 
This has some similarities to an event in Nigeria; an 11-year-old 
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woman who collapsed after her third dose of BPG with symp-
toms considered anaphylactic by treating doctors. She was 
resuscitated with epinephrine and other medical therapy.24 We 
were unable to contact the medical staff involved in this case for 
inclusion in this case series. In this series, eight of nine patients 
where management was clearly described received epineph-
rine, although the dosage was not disclosed. Given the anaphy-
lactic potential of BPG, all healthcare providers administering 
the product should have training on identifying and managing 
anaphylaxis.25

The second hypothesis is that problems with BPG products 
are causing adverse reactions. Two main forms of BPG exist: 
a low cost lyophilised powder available in many brands and a 
high cost cold chain dependent suspension produced by Pfizer 
alone.4 All adverse events occurred following administration of 
powdered BPG which are reconstituted in sterile water+/–l0ig-
nocaine. Concerns have previously been raised regarding the 
quality and efficacy of powdered BPG, the variability between 
different formulations and the lack of contemporary mono-
graphs for the product.26 Early studies demonstrated that purer 
penicillins are more potent and less toxic (Welch et al, 1944, 
cited in Guthe et al, 1958).27 More recent studies have shown 
that different brands of powdered BPG have altered physical 
characteristics including crystal shape and differences in solu-
bility, both affecting the rates of needle blockage.28 29 Addition-
ally, Kassem et al (1996) showed a significant pharmacokinetic 
difference between two brands of powdered BPG, without clear 
explanation.30

The British pharmacopoeia outlines the required concen-
trations of benzathine and penicillin G required for a product 
to be sold as BPG. Manufacturers are additionally required to 
produce medication according to Good Manufacturing Practice 
(GMP), although there have been regulatory concerns about 
GMP compliance by at least one manufacturer.31 Given the 
hydrophobic characteristics of BPG, emulsifying agents are often 
added to improve the solubility including soy lecithin. Barni et 
al (2015) reported on an 11-year-old girl who had an adverse 
drug reaction (ADR) to BPG injection after a change from lyoph-
ilised powder to prefilled syringe suspension. Subsequent testing 
revealed negative response to penicillins, but was positive to soy, 
highlighting additives as a potential cause of ADRs.32

While it is possible that serious adverse reactions could be 
caused by impurities or contamination of some BPG prod-
ucts, empiric evidence does not support this. Work is currently 
underway to assess for potency and breakdown compounds 
known to cause anaphylactic reactions at the authors’ institu-
tion. Preliminary testing has not identified any evidence of 
product impurities.33 Diluents from source countries have not 
been tested and could represent an occult source of contamina-
tion. It is also possible that contamination of BPG vials could 
occur at the point of use, particularly if the 2.4 MIU vials results 
are used for two patients (1.2 MIU each) resulting in a ‘double 
stab’ of the phial and introduction of contaminants. This is 
the proposed mechanism of recent delayed adverse reactions 
in Ghana.34 More information about products and procedures 
used in BPG administration is needed to assess the possibility of 
contamination as a cause for these events.

The third hypothesis is that the administration technique 
of BPG injections is causing adverse reactions. Inadvertent 
intravascular administration of BPG could cause collapse and 
sudden death. A review of non-allergic adverse reactions to 
BPG injections identified 45 events of likely accidental intra-ar-
terial administration causing a variety of systemic symptoms.29 
Adverse outcomes, including cardiac arrest, were attributed to 

the formation of emboli after injection. Intra-arterial admin-
istration is particularly well described in a case from America 
which was associated with life-threatening pulmonary odema.35 
All cases in this series received dorsogluteal injections. Vascular 
structures can be found near the dorsogluteal muscle where 
injections are commonly administered.35 Injection in the ventro-
gluteal site may be associated with reduced risk of intravascular 
administration but is not widely practiced, except in Australia 
where it is recommended in some training materials.36 Irrespec-
tive of site, steps to reduce the risk of intravascular administra-
tion should be taken, including training of healthcare staff on 
safe injection technique.

In 2 of these 10 cases the local anaesthetic lignocaine was 
added to diluents prior to administration. This is intended to 
reduce the pain of administration and is standard practice in 
some settings.37 The use of local anaesthetic raises the possibility 
of local anaesthetic toxicity, particularly with inadvertent intra-
vascular administration. However, given the small volumes of 
local anaesthetic reportedly used, this seems well below accepted 
thresholds for systemic toxicity.37 Systemic serious allergy to 
lignocaine is also very rare. The volume of diluent used for 
injection was not specifically requested on the survey. In Case 
4, the respondent volunteered that 12 mL (10 mL water+2 mL 
of lignocaine) was administered during intramuscular injection. 
This large volume exceeds suggested maximum injection size, 
potentially increasing pain and the risk of tissue damage.38

The final, and we believe most likely, hypothesis is that 
the underlying structural cardiac disease itself predisposes to 
adverse outcomes. In this series all patients were described as 
having valvular disease. Participants were asked: ‘did the patient 
have valvular disease based on auscultation or echocardiogra-
phy’—and were asked to ‘specify the nature and severity of 
valve lesions if known’. In four cases, this was reported to be 
severe, consistent with existing case reports of death following 
BPG injection.18 23 This study did not identify any cases of 
adverse events or fatalities in subclinical patients detected on 
echo screening despite substantial populations of children with 
latent RHD receiving secondary prophylaxis injections in some 
countries or in cases on secondary prophylaxis following ARF 
without RHD. If any of the above three hypotheses was true, 
severe reactions should be as likely in cases without RHD as 
those with RHD. Pre-existing cardiac disease may be associated 
with systemic adverse reactions and contribute to an impaired 
response to resuscitation.39 In particular, it is well established 
that mitral valve disease is a risk factor for arrhythmias and 
sudden cardiac death.40 Pain or fear of BPG administration 
could drive a physiological response precipitating decompen-
sation or arrhythmic events. Vasovagal hypotension/syncope, a 
well-described response to intramuscular injection, could also 
contribute, particularly in patients with severe valvular disease 
resulting in inadequate compensatory mechanisms. Case 4 pres-
ents extra evidence for this hypothesis with reported bradycardia 
at the time of adverse event—whereas an anaphylactic patient 
would be tachycardic. Additionally, only one of the reported 
cases (Case 7) responded to epinephrine treatment of anaphy-
laxis and many were reported as being very sudden without the 
characteristic organ system manifestations of anaphylaxis. A 
plausible physiological pathway for this mechanism is postulated 
in figure 1.

The hypothesis of heart involvement is supported by the 
relatively few adverse outcomes in otherwise healthy people 
receiving BPG for other indications. A systematic review by 
Galvao et al assessed the safety of BPG for the treatment of syph-
ilis in pregnant women. Their pooled results showed three cases 
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Figure 1 Potential mechanism of sudden death following intramuscular benzathine penicillin injection in common valve lesions of rheumatic 
heart disease.* Grey boxes reflect contributory or predisposing characteristics of valve lesions. Dashed boxes indicate other potential contributing/
mitigating factors. *Plausible mechanism in cases 2, 4, 6 and 9 of this case series based on: very rapid onset, no respiratory or skin symptoms and no 
positive response to epinephrine. †Described in case 4 and potentially case 6. ‡Documented. BPG, benzathine penicillin G.

of anaphylaxis in 20 353 patients receiving BPG for non-RHD 
indications, with only one fatality. Patients with a diagnosis of 
rheumatic fever were more likely to have anaphylaxis (n=7) or 
death (n=2) from a total of 1822 patients.19 An increased risk of 
sudden death could also be expected for people with severe RHD 
following other medical intervention or injection. A brief review 
of the literature has identified one report sharing similarities 
with some of our cases but unrelated to BPG.41 The association 
between severe heart valve disease and sudden death following 
BPG injection warrants more detailed study in a setting where 
echocardiography results are readily available.

Quantifying and understanding adverse reactions to BPG is a 
global challenge. In this study, only cases from Nepal and Uganda 
were reported to national pharmacovigilance programme. The 
treating physician from Case 1 noted that Timor-Leste does 
not have a national pharmacovigilance programme. In practice, 
very few developing countries have mechanisms for reporting 
ADRs.42 This illustrates the difficulties in collecting and inter-
preting adverse reactions to BPG through standard mechanisms.

This case series has several limitations. First, we had no fixed 
geographic boundaries or exhaustive sampling. Therefore, it is 
not possible to calculate adverse reaction incidence. The abso-
lute sample size is relatively small. As this was a retrospective 
case series, it is at risk of recall bias and missing data. While some 
clinicians had access to the original patient notes, some reported 
their recall of events. Respondents were not asked whether they 
had access to clinical notes as part of the survey, although it is 
clear some did because they quoted notes verbatim in their free 
text responses. However, it is impossible to be sure what propor-
tion of respondents had access to the notes. In addition, 3 of 

the 10 surveys were not fully completed. A degree of selection 
bias is also likely—with physicians who had experienced a nega-
tive outcome being more likely to participate than those with 
experience of non-fatal systemic adverse reactions. Design of 
the questionnaire for participants was exploratory and did not 
mandate responses to all questions. In particular, dermatological 
responses to fulfil the Brighton Criteria may not have been fully 
elicited. The severity of heart valve disease was inconsistently 
reported. This reflects access to echocardiography in developed 
settings but makes it difficult to fully contextualise results.

Although it is not possible to calculate an incidence of systemic 
adverse reactions to BPG from these data, the identification of 
10 serious adverse events is worrying relative to historic data 
(table 1). The authors of this paper have also been contacted by 
clinical colleagues to discuss deaths associated with BPG in four 
other countries since data collection for this study finished.

The cases presented here suggest that many severe episodes 
recorded or considered by treating clinicians as anaphylaxis 
may in fact be a mimic. Instead, we have potentially uncovered 
a different syndrome, whereby individuals with severe valvular 
disease may develop severe, sometimes fatal, compromise in 
response to receiving BPG injections. Should this be proven, 
the implications would be profound. First, providers and clients 
should be reassured that anaphylaxis remains a very rare compli-
cation of penicillin administration and hopefully given confi-
dence in the existing medication supply. Second, the approach 
to administration of secondary prophylaxis in individuals with 
documented severe RHD may need rethinking. A prospective 
study to explore ADRs to BPG is needed to better understand 
the variable determinants of reactions, and in the meantime 
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box 1 recommendations for bPG administration for 
rheumatic heart disease

 ► Benzathine penicillin G (BPG) injections should be 
administered by people trained in intramuscular injections 
and identification of anatomical landmarks which minimise 
the risk of intravascular administration.

 ► Efforts should be made to reduce the pain of BPG injections, 
particularly in people with advanced heart valve disease.

 ► The smallest possible volume of diluent should be used when 
reconstituting BPG.

 ► BPG injections should only administered by people trained in 
diagnosis and management of anaphylaxis.

 ► Adrenaline (Epinephrine) should always be available (ideally 
in appropriately dosed prefilled syringes) when BPG injections 
are delivered.

 ► Adverse reactions to BPG should be reported to national 
pharmacovigilance programmes where they exist.

 ► All secondary prophylaxis programmes should have a 
mechanism for reporting ADRs to BPG.

 ► A contemporary drug monograph for BPG is needed to 
specify acceptable parameters of injection volume, particle 
size, syringability and consistency. There should be a 
mechanism for clinicians with concerns about particular 
batches to have products tested against this monograph.

 ► Ultimately, a reformulated form of BPG which is less painful 
and administered less frequently could reduce the impact of 
these adverse events and improve adherence with secondary 
prophylaxis.

practical recommendations are needed. We outline a set of prag-
matic recommendations in box 1.
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