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Approximately 20% of the nationally reported tetanus infections
in children aged 0 to 14 years that occurred in the United States
between 2005 and 2015 were treated at Penn State Children’s
Hospital. With an electronic medical record search, we identi-
fied 5 cases of pediatric tetanus; 100% of these cases occurred
in unimmunized children. Their median length of stay was
10 days, and the costs were significant.
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If infected with a tetanus toxin-producing strain of Clostridium
tetani [1], a minor wound can cause significant morbidity and
death. Widespread vaccination programs have reduced the num-
ber of tetanus cases in the United States by 96% from an esti-
mated 580 cases per year in 1947 to 26 cases per year in 2010 [2].

Between 2005 and 2015, 22 pediatric cases of tetanus were
reported to the Centers for Disease Control and Prevention [3].
Previous studies have suggested that Amish communities are
not universally opposed to vaccination, but these groups often
have a lower immunization rate than that in the general popula-
tion [4]. We sought to describe the cases of pediatric tetanus at
Penn State Children’s Hospital (PSCH) in central Pennsylvania
and to quantify the financial impact of hospital admission to
treat tetanus on the affected families and the hospital.

METHODS

We used International Classification of Diseases, Ninth
Revision (ICD-9) codes 037 and 781.7 to identify all patients
aged <18 years who were discharged from PSCH with a diag-
nosis of tetanus or tetany between January 2005 and December
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2015. We reviewed our electronic medical records to confirm
the diagnosis of tetanus and to determine how that diagnosis
was made. Demographic characteristics were abstracted into
REDCap and are presented with descriptive statistics [5]. In
addition, we recorded Amish affiliation, likely source of expo-
sure, vaccination status, hospital length of stay, complications
during admission, and outcome at discharge.

To determine charges, expected payments received, and hos-
pital costs associated with each case between January 2006 and
December 2015, we used Horizon Business Insight software
(McKesson, San Francisco, California). Cost data were not avail-
able for 2005. “Charges” are individual list prices that a hospital
sets for services it provides, “costs” are expenses incurred by the
hospital in providing patient care, and “expected payment” is
the amount the hospital expects to receive for providing patient
care. For Amish health care consumers, PSCH offers a dis-
counted rate. We made no adjustments for inflation, and costs
are reported in dollars for the year in which the case occurred.

This study was approved by the Human Subjects Protection
Office of the Penn State University College of Medicine.

RESULTS

We identified 5 patients who received a diagnosis of tetanus. All
of them were unimmunized, and 4 (80%) of the 5 were Amish.
Their median age was 8 years (range, 3-11 years) (Table 1), and
their median length of stay was 10 days (range, 7-22 days).

Patient 1

A 3-year-old unvaccinated Amish girl presented to an outside
hospital after 7 days of fever, fatigue, vomiting, and back and
abdominal pain. Because of her dehydration and concern about
sepsis, she was admitted to the hospital and started on clinda-
mycin and ceftriaxone. Her abdominal pain and fever continued,
and she developed abdominal distension, lethargy, and opistho-
tonos. She underwent an exploratory laparotomy, which revealed
enlarged mesenteric lymph nodes. She was then transferred to
our center for subspecialty management. Given her development
of generalized spasms and stiffness, a presumptive diagnosis of
tetanus was established by a pediatric infectious disease consult-
ant on the sixth day of hospitalization. The patient was given tet-
anus immunoglobulin (peripherally) and tetanus toxoid vaccine
and was started on metronidazole. She was subsequently dis-
charged tolerating oral nutrition after 10 days of hospitalization.

Patient 2

A 7-year-old unvaccinated Amish boy presented after 2 days of
generalized stiffness. His symptoms progressed to “lockjaw” and
significant spasms of his back, neck, and proximal leg muscles.
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Table 1. Description of Pediatric Patients With Tetanus Admitted to Penn State Children’s Hospital (2005-2015)

Characteristic Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Median (range)
Age (years) 3 7 9 7 8(3-11)

Sex Female Male Male Female Female NA

County of residence Lancaster Lancaster Lancaster Lancaster Lebanon NA

Year of admission 2005 2007 2008 2013 2014 NA

Inoculation site Foot laceration Hand laceration Knee laceration Foot splinter Foot laceration NA

Presenting symptoms Fever, abdominal distention, ~ Trismus, jaw pain, and neck, ~ Trismus, pain, and discharge from ~ Trismus and Trismus, sore throat, and ~ NA

and back pain back, and leg stiffness wound dysphagia body stiffness
Incubation period (days)? Unknown 5 6 1" 6.5
Hospital length of stay (days) 10 10 7 17 10(7-22)

Abbreviation: NA, not applicable.
*Number of days between soft-tissue injury and onset of presenting symptoms.

Tetanus was diagnosed at the referring hospital, and he received
tetanus immunoglobulin (peripherally), tetanus toxoid vaccine,
and penicillin before transfer. He was discharged with nasogas-
tric tube (NGT) feeds after 10 days of hospitalization.

Patient 3

An 11-year-old unvaccinated Amish boy presented to the emer-
gency department of a community hospital with trismus 7 days
after a fall complicated by a skin and soft-tissue infection over-
lying his knee injury. He was transferred with a clinical diagno-
sis of tetanus for additional surgical management of his knee
wound. He was given tetanus immunoglobulin (peripherally),
tetanus toxoid vaccine, and metronidazole. He also received
cefazolin and underwent vacuum-assisted closure of the knee
wound. The patient was discharged home on day 22 of hospital-
ization with NGT feeds as a result of his continued oropharyn-
geal dysphagia.

Patient 4

A 9-year-old unvaccinated Amish girl presented to the emer-
gency department of a community hospital with an acute
onset of lockjaw. The inciting injury was a foot splinter that
was removed approximately 6 days before presentation to the
hospital. She was transferred for further management after
she received tetanus immunoglobulin (peripherally) and tet-
anus toxoid vaccine. She completed a 7-day course of metro-
nidazole. Persistent trismus and abdominal spasms limited her
oral intake, and on day 7 of hospitalization, she was discharged
home with NGT feeds.

Patient5

A 7-year-old unvaccinated girl presented 11 days after a foot
laceration that had healed with no apparent complications. She
developed a sore throat that progressed to trismus and body
stiffness. She was admitted to the pediatric intensive care unit,
where intravenous magnesium was initiated for autonomic sta-
bility. She was given tetanus immunoglobulin (peripherally),
tetanus toxoid vaccine, and metronidazole. During her hospi-
talization, she suffered a fall that caused a subdural hematoma
and temporal bone fracture that did not require neurosurgical
intervention. After 17 days of hospitalization, she was dis-
charged home on nasojejunal feeds.

Costs

Cost data were available for 4 (80%) of the 5 cases. The median
hospital charge for the 4 hospitalizations was $50122 (range,
$21671-$92872) (Table 2). The median cost was $29790
(range, $13833-$47757), and the median expected payment
was $12582 (range, $10146-$45353). The parents of 3 of the
Amish patients were uninsured and ultimately responsible for
96% of the billed hospital costs for their care, totaling $70518.

DISCUSSION

Nearly one-fourth of the reported pediatric tetanus cases in
children aged 0 to 14 years that occurred in the United States
between 2005 and 2015 were treated at PSCH.

Tetanus should be considered as a cause of muscle spasm
and dysphagia in patients who live in an underimmunized

Table 2. Costs Associated With Hospital Admission for Tetanus at Penn State Children’s Hospital (2006-2015)

Financial Information Patient 2 Patient 3 Patient 4 Patient 5 Median
Insurance status Uninsured Uninsured Uninsured Private NA
Hospital charges ($) 21671 70468 29777 92872 50122
Total cost ($) 13833 40163 19417 47757 29790
Expected payment ($) 13948 45353 1217 10146 12582
Margin ($)* 115 5190 (8200) (37611) NA

Abbreviation: NA, not applicable.
*Numbers in parentheses are negative.
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community. Delays in diagnosis can increase morbidity and as-
sociated costs [6]. In some cases, a missing patient history and
the absence of typical examination findings can contribute to a
delay in diagnosis. In our cohort, Patient 1 underwent an exten-
sive workup for fever and abdominal pain, including an explor-
atory laparotomy, before arriving at our hospital. She was not
diagnosed with tetanus until after she developed generalized
spasms.

The cost of vaccination is low; the diphtheria, tetanus, and
pertussis vaccine (DTaP) costs $1.71 per dose (total cost for the
5-dose primary series, $8.55), and tetanus, diphtheria, and per-
tussis vaccine (Tdap) boosters cost $3.13 per dose [7]. Results of
a 2009 economic evaluation of the routine childhood immuni-
zation program in the United States suggested that 100% of tet-
anus infections necessitate hospital admission, and the average
cost is $90635 per hospitalization [8]. Our costs were less than
this average, probably because the median duration of hospital-
ization for these children was nearly 1 week less than that previ-
ously reported, our population included only pediatric patients,
and only 1 of our patients required intensive care unit-level
care. Considering the cost of vaccine administration, adverse
events from vaccination, and parental time off work, it has been
estimated that savings of $12 million from direct costs and $45
million of societal costs could be realized with routine tetanus
vaccination [8].

Vaccine-preventable diseases (VPDs) occur disproportion-
ately more often in Amish children than in non-Amish children
[4]. The increased risk and incidence are mostly a result of lower
vaccination rates. For Amish children, it is widely assumed that
the objections to immunization are based on their religion.
However, in most cases, immunization refusal is not required
by religious doctrine but, rather, reflects a social tradition [9].
During outbreaks of VPDs, Amish community leaders have
participated in vaccination programs [2, 9]. Results of previous
research also suggested that low immunization rates among
Amish populations are attributable to reasons similar to those
in the general population, namely, limited access to care, limited
understanding of the diseases to be prevented, and concerns
about vaccine safety [10-12]. All 5 of our patients received tet-
anus vaccine with no resistance from their family, which sug-
gests that openness to immunization exists if paired with proper
community education and outreach.

Our study had several limitations. Cost data were not avail-
able for the hospitalization that occurred in 2005. We limited
our study to pediatric patients between 0 and 17 years of age.
These cutoffs enabled us to compare our data to state- and
national-level statistics and reveal that a disproportionate
number of pediatric tetanus infections occur in our catchment
area. Our data reflect only the costs of treatment at our insti-
tution. Charges incurred at the referring hospital are not in-
cluded; hence, the costs reported are underestimates of actual

family expenses. Although tetanus is a reportable disease, data
housed by the Centers for Disease Control and Prevention and
state agencies rely on passive surveillance; therefore, some cases
may not be reported [13]. It is possible that we have overesti-
mated the proportion of total pediatric tetanus cases treated at
our institution.

CONCLUSION

This characterization of pediatric tetanus infections in unvac-
cinated children in central Pennsylvania highlights the impor-
tance of maintaining clinical suspicion for tetanus infection in
areas with a suboptimal vaccination rate. Because most of the
infections occurred in Amish children, efforts to increase tet-
anus vaccination among Amish communities should be studied
further.
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