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Abstract

Since 1966, the Advisory Committee on Immunization Practices (ACIP) has recommended tetanus—diphtheria toxoid (Td) be used
instead of single antigen tetanus toxoid (TT) because, while both vaccines protect against tetanus, only Td protects against diphtheri
Despite this recommendation, approximately 2.5 million doses of TT were distributed annually from 1991 to 1997. One possible explanation
for the continued use of TT is concern about the relative safety of Td. Small clinical trials found Td to be associated with a higher rate of
local vaccine-associated adverse events (VAEs) than TT. To determine if the findings from the trials would hold up on a larger scale, we
compared the rate of reporting to the Vaccine Adverse Event Reporting System (VAERS), a passive reporting system, after either vaccin
from 1991 to 1997. There were 40 reports per million doses of Td, and 27 reports per million doses of TT, for a reporting rate ratio of 1.4.
Reporting rates to VAERS are lower than the rates of VAEs identified in the clinical trials, but the magnitude of the difference in VAEs
following TT versus Td is similar. While reporting rates are lower after TT than Td, rates of reported VAEs after both vaccines are low.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction tries) continues to be a conce-10]. Serological studies
suggest that there are US adults susceptible to both tetanus
Effective vaccinations for tetanus and diphtheria have and diphtheria, with a higher percentage of adults suscepti-
made these diseases rare in the US and most industrializedle to diphtheria than to tetan(s1-16] Neither disease is
countries worldwide[1]. About 50 cases of tetanus have a likely candidate for eradication because of the ubiquitous
been reported to the Centers for Disease Control and Pre-nature of the organisms that cause them, so vaccinations for
vention (CDC) each year from 1991 to 1997, with more than tetanus and diphtheria will be necessary into the foreseeable
90% of these occurring in persons greater than 20 years offuture[17,18]
age[2,3]. Five or fewer cases of diphtheria have been re- Two types of vaccines are available in the US for the
ported in the US each year since 1980, and 70% of these ardmmunization of adults against tetanus. One is a combined,
in persons greater than 15 years of §gje While toxigenic adsorbed tetanus and diphtheria toxoid formulated for adult
strains of diphtheria are infrequently detected in the US, use (Td), and the second is a single antigen adsorbed tetanus
the risk for importation of these strains persists. The recenttoxoid (TT). Both Td and TT confer excellent tetanus
diphtheria epidemic in the Newly Independent States of the protection, but Td confers the added benefit of protection
former Soviet Union (and endemicity in many other coun- against diphtheria diseadé@9]. Diphtheria toxoid is no
longer available in the US as a single antigen vaccine. The
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primary and booster immunization against tetaja@§. De- have detected signals of rare events that are potentially asso-
spite the longstanding recommendation, substantial quan-ciated with vaccinations (e.g. Guillain-Barre syndrome af-
tities of TT are still in use. Based on data from the CDC ter influenza vaccination and intussusception after rotavirus
Biologics Surveillance System, approximately 15% of the vaccine)[26,27] VAERS data have also been used to com-
tetanus-containing vaccine indicated for use in persons overpare the occurrence of VAEs after different vaccines (e.g. rel-
7 years of age and sold between 1991 and 1997 was in theative safety of acellular pertussis vaccine versus whole-cell
form of TT [21,22] Possible explanations for the continued pertussis vaccingp8].
use of TT include a lack of awareness of the difference
between the two vaccines, a lack of awareness of the ACIP
recommendations, and a perceived difference in chiste( 2. Methods
US vaccine manufacturers who still produce both Tdand TT
vaccine currently charge either the same price for the two VAERS is a spontaneous reporting system for adverse
products, or charge a lower price for Td.) Anecdotal reports events following immunizations, jointly administered by
suggest that some health care providers may prefer TT to Tdthe CDC and the Food and Drug Administration (FDA),
because they believe Td is associated with an unacceptablyand fully operational since 1 November 1990. The Na-
high rate of vaccine-associated adverse events (VAES). tional Childhood Vaccine Injury Act of 1986 mandates its
Three clinical trials conducted during the 1980s com- existence. The VAERS report form requests information
pared the reactogenicity of Td and TT, and demonstrated about the patient, the adverse event and its outcome, and
that while both vaccines were well-tolerated, Td recipients information about the vaccines administered, including who
generally experienced a higher rate of local reactions thangave the vaccines and how they were purchased (i.e. public
TT recipients[23—-25] (Table ). More serious VAEs were  funds versus private funds). Whether the vaccine or vac-
not reported in any of the study participants. The largest of cines administered were responsible for the adverse events
these studies included fewer than 1500 participants, how-described typically cannot be determined from the VAERS
ever, and the ability of these studies to evaluate rare eventsreport along29,30].
was limited. To determine if the findings from the smaller =~ The VAERS database was searched for reports following
studies hold true on a larger scale and to look for possi- the receipt of Td or TT vaccination (alone or in combination
ble rare VAESs, we reviewed postmarketing surveillance data with other vaccines) using the following parameters: date of
for both vaccines from the Vaccine Adverse Event Report- vaccination between 1 January 1991 and 31 December 1997;
ing System (VAERS). VAERS is a national reporting system vaccinee age 7 years or older (because Td is not indicated for
that receives more than 10,000 reports each year from pub-use in persons under 7 years of age, and TT is infrequently
lic and private clinics, vaccine manufacturers, the general used in young children); and an indication on the report that
public, and other sources. Recent studies using VAERS datathe vaccines were purchased with private funds (because TT
is not purchased with public funds). Reporting rates were

Table 1 calculated, using as denominators the net doses of Td and
Results of previous studies comparing the reactogenicity of Td and TT TT distributed to private vaccine purchasers as reported to
Td T P-value the CDC Biologics Surveillance Systej@l,22] Net doses
recipients  recipients distributed is a proxy for doses administered and is equal to
(*0) (*0) the number of vaccine doses distributed minus the number
Deacon et al[23] (n = 60) of doses returned to the manufacturer. We compared Td and
Local: pain and/or redness and/of79 68 NS TT reporting rates for all reports and then for only those
swelling on any day . . L . .
Systemic: headache, 10 16 NS reports mgetlng a prg—es_tabhshed definition of serious: a
fever/myalgia death, a life-threatening illness, an event that resulted in
Macko and Powel[24] (TT: n = 93; Td: n — 100) either hospltall_zatlt_)n or prolor_lgatlon of a _hos_p_ltal stay, or
Pain 75 48 <0.001 a permanent disability. Reporting rates for individual events
Redness 25 19 NS were also calculated. Individual events on VAERS reports
Swelling 30 26 NS are coded based on the text supplied by the reporters in their
ltch 18 13 NS description of the adverse events. For example, if the text in
Fever ! 2 NS a VAERS report states that the vaccinee had “redness at the
Zurrer and Stefferj25] (TT: n = 773; Td:n = 653) injection site”, the codes for this report would include both
Redness 19.4 12.4 <0.001 ‘redness’ and ‘injection site reaction’.
Swelling 31.8 25.0 0.025
Pain or heaviness 63.0 58.2 NS
Tiredness 13.9 13.2 NS
Headache 7.7 6.5 NS 3. Results
Arthralgia 4.1 3.0 NS
Elevated temperature 58 48 NS Approximately 72.8 million net doses of Td and 18.0
Any reaction 69.7 63.4 0.014

million net doses of TT were distributed to private vaccine
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Table 2 Table 3
Td and TT vaccine doses distributed and VAERS reports received, Number and percentage of VAERS reports after Td and TT by age group,
1991-1997 1991-1997
Td TT RRR? Age group (years)  Td recipients TT recipients
Net doses distributéd 72790280 18087905 Number  Percentage Number  Percentage
VAERS reports listing Td or TT 2947 516
Rate of rezorts per r?willion 40 27 1.4 -9 27 <1 6 12
net doses 10-19 578 19.6 60 11.6
) - 20-29 437 14.8 82 15.9
Serious VAERS reports listin 175 38
o Tt P 9 30-39 565 192 118 22.9
Rate of serious reports per 2.4 21 11 gg_gg gg; i;g lgg igg
illi - . .
milion net dose.s - 60-69 245 8.3 47 9.1
2RRR = reporting rate ratio. 70+ 171 58 35 6.8
b Numbers reported to the CDC Biologics Surveillance Syd@hp?2]
Total 2947 100.1 516 100.1

purchasers in the US between 1991 and 19Bable 9.
There were 2947 VAERS reports (40 per million net doses)  Since denominator data on the number of doses of vaccine
listing Td as either the only vaccine or one of the vaccines administered by sex and age are not available, the calcula-
given, and 516 VAERS reports (27 per million net doses) tion of sex- and age-specific reporting rates was not possi-
listing TT as either the only vaccine or one of the vaccines ble. The distribution of reports for Td and TT by sex was
given, for a reporting rate ratio (RRR) of 1.4. There were similar, with more reports after either vaccine describing fe-
175 VAERS reports (2.4 per million net doses) listing Td male vaccinees than male vaccinees (data not shown). For
that met at least one criterion for being serious, and 38 Td vaccine, compared with TT, there were proportionally
VAERS reports (2.1 per million net doses) listing TT that more reports describing younger vaccinees, with the largest
met at least one criterion for being serious, for a RRR of difference in the 10-19 years age group. Of all the reports
1.1. The reporting rates for the five most commonly reported that listed Td, 19.6% described a vaccinee in the 10-19 years
events after Td and TT are shownfiig. 1 These include  age group versus 11.6% of all the reports that listed TT
injection site reactions, redness, pain, fever, and pruritus. (Table 3. Similar proportions for age and sex were observed
The reporting rate was higher for Td than for TT for all in the distribution of reports classified as serious (data not
events except pruritus. Of the VAERS reports that met at shown).
least one criterion for being serious, the five most commonly  Denominator data describing the number and types of
reported events were the same as those for all reports (i.evaccines given concurrently with Td or TT are not available;
injection site reactions, redness, fever, pain and pruritus). however, 77.3% of the 2947 VAERS reports for Td listed Td
Injection site reactions, redness and fever were also moreas the only vaccine given. The most common combination
common among Td recipients versus TT recipients in the listed was Td and combined measles, mumps and rubella
serious reports (data not shown). vaccine (MMR) with 192 (6.5%) of the reports. For TT
There were four deaths reported (three after Td and onevaccine, 417 (80.8%) of the 516 reports listed TT as the only
after TT). Medical professionals determined that two of the vaccine given. The most common combination described
three deaths reported after Td were in all probability due to was TT and hepatitis B vaccine with 16 (3.1%) of the reports.
other causes. Unfortunately, the information provided about A higher percentage of the reports that listed Td and were
the third death after Td and the only death after TT was so classified as serious also listed other vaccines versus those
incomplete as to preclude any determination of the cause ofthat listed TT; 64 (36.6%) of the 175 Td reports listed Td
death for these two vaccine recipients. with other vaccines while 4 (10.5%) of the 38 TT reports
listed TT with other vaccines. There were 19 Td reports
classified as serious (10.9%) that listed both Td and MMR.

Inj site rxn ? We compared time intervals—same day, 1-3, 4-7, 8-14,
15-30 and >31 days—between the date of vaccination and

Rednes ® CRE the reported onset of the adverse event(s). An onset interval
Pain goTr between 0 and 3 days was reported for 68% of individuals

who had received only Td versus 67% for individuals who

Fo had received only TT. A higher proportion of non-serious

Pruritis reports that listed both Td and MMR had onset intervals of
0 5 10 15 20 4-14 days versus those non-serious reports that listed either
Rates Per Millon Doses Td or TT alone (20% for Td and MMR versus 14% for

Fig. 1. Reporting rates for the five most commonly reported events after 1d and 13% _f(_)r TT). Th_is difference was not observed for
tetanus—diphtheria (Td) and tetanus toxoid (TT) vaccinations. reports classified as serious.
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4. Discussion MMR had an onset interval between 4 and 14 days which
may be more compatible with an adverse event related to
Our study data concur with the findings of previous clini- MMR (because of the incubation period of the live, attenu-
cal trials that demonstrated Td is more reactogenic than TT, ated viruses in MMR) than to Td. Adverse events associated
especially for local reactions. Our study also suggests thatwith Td and TT vaccines are typically noted in the first few
serious events after either vaccine are extremely rare and thalays after administration, as these are killed vaccines. We
distribution of such serious events is similar between Td and also noted that Td was given more frequently with MMR
TT. The data used in this study reflect a time period when than was TT. Therefore, for non-serious reports (but not for
72.8 million doses of Td and 18.0 million doses of TT were reports of serious events), a small amount of the observed
distributed. differences in reporting rates after Td versus TT may be at-
The clinical trials that compared Td and TT followed sub- tributed to adverse events that are associated with MMR. It
jects closely and asked about any adverse events, even miwould be anticipated that children and adolescents who are
nor ones such as mild local pain. Based on our previous behind on their immunizations would be more likely to re-
knowledge of the reporting sensitivities of passive surveil- ceive Td versus TT with other vaccines needed to complete
lance systems, we would expect that the reporting efficiency their immunization series, including the MMR vaccine.
to VAERS would be significantly less than that found in VAEs are infrequently reported after either Td or TT, and
the clinical trials, and indeed it was less than 1% of what reports of serious events are rare. Based on our findings and
would have been anticipated based on clinical trials for thesethose from the clinical trials, however, Td appears to be as-
non-serious eventg81]. The relative magnitude of the re- sociated with non-serious VAEs more frequently than TT.
porting rate difference after Td and TT, however, was com- The potential added risk of VAEs after Td must be weighed
parable to the rate differences documented in the clinical against the known added benefit of protection against diph-
trials [23-25] theria disease. Diphtheria is currently well controlled in the
Our study has limitations, and the main one is that the nu- US, but it is not certain what conditions are necessary to
merators used in our study were the number of spontaneoudacilitate its reintroduction and spread. Maintaining popula-
reports made to VAERS. VAERS data are not collected for tion immunity against diphtheria seems especially desirable
the purpose of conducting clinical studies, and the major- in light of the recent experiences of the Newly Independent
ity of the reports are not verified. More systematically col- States of the former Soviet Unig6—10]. While there may
lected data would have been preferable, but such data arebe older individuals for whom the potential risk of an ad-
not available. The comparison of individual events must not verse event from Td could theoretically outweigh the benefit
be over-interpreted since these data are based on whateveof protection against diphtheria disease (because of a very
written description of the adverse events is provided by the low likelihood of exposure), health care providers should be
reporter. Given the inherent limitations of VAERS data, we reminded that only Td confers protection against diphtheria
were pleased to find that our results were generally consis-disease.
tent with those of previous clinical trials. Future compar-
isons of the safety profiles of the two vaccines will likely
become even more difficult in the future. Over the 6 years References
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