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Background. Tetanus is a vaccine-preventable infectious disease associated with high mortality rates. Increased vaccination
coverage globally and locally has resulted in substantial declines in the number of individuals diagnosed with tetanus. We report
annual trends in tetanus admissions and deaths over a decade at a national referral hospital in Uganda.

Methods. This was a retrospective cohort study, using data from an electronic database of patients admitted to medical wards at
a national referral hospital between 2011 and 2020. Data were abstracted on demographic characteristics, that is, length of hospital
stay and mortality outcome. Admission and mortality rate trends were analyzed using the Mann-Kendall’s trend test, whereas
Kaplan-Meier survival curves were used to compare gender survival rates.

Results. During the study period, 459 individuals were admitted with tetanus. Of these, 85.8% (394 of 459) were males, and
26.1% (120 of 459) were aged 20 years or less. Overall, 48.8% (224 of 459) participants died, 85.3% (191 of 224) of whom were
males (85.3%, n=191), although females had a higher mortality rate (50.8%, 33 of 65 vs 48.5%, 191 of 394). Those aged
31-40 years accounted for 23.7% (53 of 224) of the deaths; and 88.7% (197 of 224) of the deaths occurred within the first 7 days
of admission. The total number of tetanus admissions declined (Tau, =—.6444, P=.0116). However, mortality rates remained

stable (Taup =.0222, P > .999). The average length of hospital stay was 8.1 days (standard deviation, 7.5; range, 1-46).
Conclusions.  Although tetanus admissions declined, mortality rate remained high. Males were disproportionately affected. We
recommend quality-of-care audits for inpatient care improvement and more research on the determinants of infection and

mortality to inform vaccination for at-risk men.
Keywords. mortality; tetanus; trends; Uganda.

Tetanus is a highly fatal disease caused by exotoxins of
Clostridium tetani, a ubiquitous, Gram-positive bacilli [1].
The clinical pattern of tetanus can be characterized as general-
ized, local, cephalic, or neonatal [2]. Clinically, symptoms are
caused by binding of tetanospasmin to synapses in the presyn-
aptic knob, blocking calcium ion-dependent glycine release,
which is an inhibitory neurotransmitter [2]. This results in un-
inhibited neuronal excitation resulting in continuous, muscle
contraction and autonomic dysfunction [2].
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Since 1948, tetanus vaccination has been provided through a
combined vaccination with diphtheria (Corynebacterium diph-
theriae) and pertussis (Bordetella pertussis) vaccines as part of
routine childhood immunization programs [3]. In addition, ad-
olescent girls and women of childbearing age receive at least
2 doses of tetanus toxoid (TT) vaccine to prevent maternal tet-
anus and impart passive immunity to the newborn [4]. These
efforts have substantially reduced the incidence of tetanus cases
among mothers and children by over 96%, with Uganda under-
going an elimination validation in 2011 [5]. Tetanus toxoid
vaccination is also recommended for prevention of nonneona-
tal tetanus among individuals suffering penetrating injuries
and safe male circumcision volunteers [6, 7]. However, tetanus
remains a health challenge and is associated with 34 700 deaths
globally, disproportionately higher in the low-income countries
where vaccination coverage is still low and unsafe delivery
practices are still prevalent [8]. By 2016, Uganda had one of
the highest nonneonatal tetanus incidence rates in the world
(12.7/100 000) [9], but this has since declined to 0.86/100 000
[10]. However, tetanus is still associated with high mortality
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rates [7, 11]. There were an estimated 0.65 per 100 000 deaths
due to tetanus in Uganda in 2019 [12].

Management of tetanus in adults often requires treatment in
the intensive care unit (ICU), which is often not available or
costly in most low- and middle-income countries [13], result-
ing in preventable premature mortality. In fact, South Asia
and sub-Saharan Africa contribute 45% and 44% of the global
tetanus deaths, respectively [14]. Woldeamanuel et al [15] not-
ed that tetanus-associated mortality is often a result of subop-
timal care, and Bae et al [16] reported that the unit cost for
treatment of an adult with tetanus is over US $18 000. In addi-
tion to antispasmodic therapy, the Uganda clinical guidelines
recommend antitetanus immunoglobulin for individuals with
a diagnosis of tetanus: this is often not readily available, result-
ing in preventable mortality [6, 7, 11]. Efforts to increase access
to tetanus vaccination and appropriate therapy among adult
populations have been limited by evidence to support resource
allocation. This study therefore aimed to document trends in
adult tetanus admissions, deaths, mortality rates, and associat-
ed factors on medical wards at a national referral hospital in
Uganda.

METHODS

This was a retrospective cohort study. We obtained patient data
from the Rainer Arnolds Senior House Officers Training sup-
port (RASHOTS) database [17] for patients admitted to medi-
cal inpatient wards at Mulago and Kiruddu national referral
hospitals (NRHs) from 2011 to 2020.

Study Population and Study Setting

We included all patients >12 years of age admitted to Mulago
(2011-2014) and Kiruddu NRHs (2014-2020) with a diagnosis
of tetanus. We excluded duplicate records and records with in-
complete data (Figure 1). The RASHOTS database was the cen-
tral repository for adult medical inpatient data for the study. In

\

Duplicate records (n = 18 837)

Unique records screened for
eligibility Excluded records (n = 892)

(n =109 249) - Missing age, n = 761
- Missing diagnosis, n= 110
- Missing gender, n = 21

Unique records considered
(n =108 357)

| Tetanus patients studied

NO Tetanus (n = 107 898)
(n = 459) |
3

Females

(65, 14.2%) (394, 85.8%)

Died
(191, 48.5%)

Died
(33, 50.8%)

\

Figure 1.  Study flow diagram.

2014, the Government of Uganda undertook a major renova-
tion of Mulago NRH that necessitated migration of medical in-
patient services to Kiruddu Hospital, which had been newly
upgraded [18]. Mulago NRH is located in Kawempe Division,
whereas Kiruddu NRH is located in Makindye division of the
capital city.

Data Collection

We retrieved data on patient gender, age at admission, district
of origin, human immunodeficiency virus (HIV) status, length
of hospital stay, and treatment outcome for all individuals ad-
mitted with a diagnosis of tetanus; we downloaded these as
spreadsheets, which we cleaned, and we conducted preliminary
analyses using Microsoft Excel. Diagnoses were made by spe-
cialist physicians on inpatient wards using clinical algorithms
involving patient clinical history, physical examination, labora-
tory tests, and radiological imaging, where applicable and
available.

Data Analysis

We summarized patient characteristics as frequencies and de-
termined temporal trends using the Mann-Kendall test. We cal-
culated mortality rate as a percentage of deaths divided by
number of admissions and compared average length of hospital
stay between males and females using the Mann-Whitney U
test. We performed Kaplan-Meier survival curves and the log-
rank test for gender differences in in-patient survival. We used
x> statistics for bivariate analysis to assess for association of
gender with mortality. We generated tetanus burden maps us-
ing ArcGIS to demonstrate districts of origin. We carried out
analyses and generated graphs using STATA/BE v.17.0
(StataCorp LLC). For all analyses, a P < .05 was considered stat-
istically significant.

RESULTS

Baseline Characteristics

Data from 459 cases of tetanus were reviewed and analyzed.
The majority of these were male (85.8%), aged 20 years or
less (26.1%), and were HIV negative (94.8%). The median age
of study participants was 35 years (range, 12-85; interquartile
range, 20-47) (Table 1).

Trend in Tetanus Admissions
The total number of tetanus cases recorded declined over the
decade (Taup = —.6593, P=.0116) (Table 1). Geospatial analy-
sis revealed that 90% of the cases were from the central region
of the country (Figure 2).

Average length of hospital stays was computed for 458 study
participants, because data on length of stay was unavailable for
one participant. Overall, average length of hospital stay was
8.1 days (standard deviation [SD], 7.5; range, 1-46). It was lon-
gest in 2017 (10.9; SD, 8.7; range, 1-37) and shortest in 2020
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Trends in Tetanus Admissions

Table 1.

Mann-Kendall (Taup, P)

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Overall

Variable

—.6444 (.012)

10
2(20.0
41 (19.7)

14

4(28.6)
32.1(12.7)

43
7(16.3)

36.2 (16.2)

44
5(11.4)
35.5 (17.6)

51
8(15.7)
31.7 (15.8)

66
9(13.6)
35.1(17.4)

66
10 (156.2)
36.8 (18.0)

67
8(11.9)

34.3(17.9)

67
9(13.4)
35.6 (27.0)

31
3(9.7)
38.7 (16.6)

459
65 (14.2)

36.3(17.1)

Admissions (n)

—.4222 (.105)

Female (%)

—.1556 (.6915)
—.1556 (.692)

Age, mean (SD), y
<20y (%)

1(10.0)
3(30.0)

2(14.3)
6 (42.9)

.1556 (.592)
—.4495 (.088)

6(14.0)
11 (25.6)

7 (15.9)
11 (25.0)
5(11.4)
5(11.4)
2 (4.5)
2 (4.5)
0(0.0)

10 (19.6)
9(17.6)
7 (13.7)
4(7.8)
3(5.9)
0(0.0)
3(5.9)

0(0.0)
4 (40.0)

2(14.3)
3(21.4)

4222 (.107)
—.5556 (.032)

7(16.3)
5(11.6)
2(4.7)
1(2.3)
4(9.3)

0(0.0)

1(7.1)
0(0.0)
0(0.0
0(0.0)

—.0899 (.788)

1(10.0)
1(10.0)
0(0.0)

—.0222 (>.999)
—.3111 (.238)

15 (22.7)

9(13.4)

6(9.1)
8(12.1)
2 (3.0)
4(6.1)
4(6.1)

9(13.4)
9(13.4)
4 (6.0)
1(1.5)

6 (9.0)

7 (22.6)

81 (17.6)

9.7)

3

68 (14.8)
49 (10.7)

7 (10.4)
0(0.0)
4 (6.0)

3.2)
6.5)

1

24 (5.3)

2

14(3.1)

>70y (%)
HIV* (%)

24 (5.2)

Abbreviations: HIV, human immunodeficiency virus; SD, standard deviation; y, years.

(3.4; SD, 2.2; range, 1-7). Whereas average length of stay was lon-
ger among males than females (8.3, SD = 7.6, range = 1-46 vs 7.0,
SD = 7.2, range = 1-39), this was not statistically significant
(P=.1693). The Kaplan-Meier survival curve demonstrated
that females died earlier than males, although this was not stat-
istically significant (P =.4513). Median survival time among
males was 11 days and 7 days for females (Figure 3). Average
length of hospital stay was lower among those who died com-
pared to those who were discharged (3.8, SD = 3.8, range =
1-22 vs 12.6, SD = 7.8, range = 1-46; P=.001).

Trends in Tetanus Mortality Rate

A total of 224 deaths were recorded over the period, represent-
ing a mortality rate of 48.8% (Table 2, Figure 4). Males and
those aged 31-40 years accounted for the majority of the deaths
(85.4% and 23.7%, respectively). Females had a higher mortal-
ity rate (50.8%, 33 of 65 vs 48.5%, 191 of 394), but there was no
association between gender and mortality (Pearson y* = 1.7105,
P=.425), nor HIV status (Fisher’s exact test =.658) The mor-
tality rate tended to increase, without statistical significance
(Taup = 0.0222, P> .999).

The total time at risk of death in the study was 3721 person
days. The incidence rate of mortality was 5.99 per 100 person
days, highest in 2020 (29.4 per 100 person days), and among
those aged 70 years and above (14.3 per 100 person days).

Availability of Data and Materials

All data used for this study are available in the content of the
manuscript and the Supplementary Materials, and supporting
information is in the Supplementary File, Tetanus dataset (.xls).

Ethics Approval and Consent to Participate

This study was approved under the machine learning project
by the Makerere University School of Medicine Research and
Ethics committee (Number: 2020/098) and the Uganda
National Council for Science and Technology (Number:
HS745ES). The study used secondary data and the need for in-
formed consent was waived. Study participants were identi-
fied using patient identification numbers and records were
anonymized.

DISCUSSION

We conducted a retrospective cohort study using inpatient hos-
pital records at national referral hospitals to determine trends
in tetanus admissions, deaths, and mortality rates over a period
of 10 years (2011-2020). In this study, we observed a substan-
tial decline in the number of patients hospitalized with tetanus.
Tetanus predominantly affected males and very young adults in
their youth. The majority of those admitted were from
Uganda’s central region. Tetanus was associated with a high
mortality rate (48.8%) that tended to increase over the years,
registering 100% mortality in 2020. Tetanus mortality rate
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A map showing the number of Tetanus cases reported
between 2011 to 2020 in Kirudu National referral Hospital
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Figure 2. Map of districts of origin of individuals admitted with tetanus 2011-2020.

Kaplan-Meier survival estimates for male and female adults admitted with tetanus
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Figure 3. Kaplan-Meier inpatient survivor curves comparing adult males and
females with tetanus. Cl, confidence interval.

was higher among females than among males, although males
contributed the highest number of admissions and deaths.
Median survival was shorter among females than among males.
However, the average length of hospital stay was short, which
could be attributed to early fatality.

We reported that more than 80% of individuals admitted to
adult medical wards with tetanus were male, similar to what
was reported by Olum et al [11] from Northern Uganda at
86.2% (94 of 109) and higher than the 76.4% reported by
Derbie et al [19] from North West Ethiopia. Similarly, at a dis-
trict hospital in Eastern Uganda, Nanteza [7] et al noted that all
tetanus patients were male. Our findings and those of other
studies underline the disproportionate burden of tetanus
among adult males. This gender difference in admissions could
be explained by routine TT vaccination among females of
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Table 2. Trends in Tetanus Deaths, Mortality Rates, and Average Length of Hospital Stay

Mann-Kendall (Taup, P)

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Overall

Variable

10
2(20.0

34 35 37 20 16 21
7 (20.0) 5 (13.5) 2(10.0 1(6.3) 3(14.3)

5(14.7)

25
4 (16.0)

4

19

224

Deaths (n)

1(14.3)
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Ages, mean (SD), years

<20y (%)
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423 (4.1)
1(56.3)
2(10.5)

21.4
14.3
23.7
16.1
13.4
15 (6.7)
0 (4.5)

>70y (%)

0(0.0)
3.4(2.2)

0(0.0)
5.3 (3.6)

2(9.5)
6.9 (6.6)

0(0.0)
10.9 (8.7)

1(5.0)
9.9(9.2)

4(11.4) 1(2.7)

3(8.8)
9.2 (7.0)
50.7

2 (8.0
9.2 (9.0)

1(56.3)
7.5(7.1)
61.3

14 (6.3)
8.1(7.5)

HIV*
Average length of stay in days (SD)

—.2667 (.3232)

7 (5.6)
56.1

5 (6.4)
53.0

.0222 (1.000)

100.0

50.0

36.4 48.8

39.2

37.3

48.8

Mortality rate (%)

Abbreviations: HIV, human immunodeficiency virus; SD, standard deviation; y, years.

reproductive age in Uganda, which confers additional protec-
tion against tetanus on top of the diphtheria, tetanus, pertussis
(DPT) vaccination in infancy [4]. In a study conducted across
5 regions of Uganda, Makumbi et al [20] found that among
620 males who presented for safe male circumcision, 57.1%
had insufficient tetanus immunity, determined from TT immu-
noglobulin antibody assays similar to a study among Chinese
military personnel, where low antitetanus titers were frequent
and yet a single booster shot was protective for more than
15 years [21]. This further stresses previous assertions that tet-
anus vaccination in infancy does not confer lifelong protection
and hence the need for decennial booster vaccination among
vulnerable males [22]. As such, the World Health Organization
has recommended incorporation of tetanus vaccination for boys
and men into national immunization programs [23]. In Uganda,
however, this is currently only reserved for men undergoing safe
male circumcision and penetrating trauma survivors [6].

Furthermore, since males contributed more than three quarters
of the tetanus admissions, they also contributed a similar propor-
tion to the total number of tetanus deaths. The Global Burden of
Disease Study estimated that there were more male than female
tetanus deaths per 100 000 population (0.71 and 0.59, respectively)
[12]. These estimates were lower than those for the neighboring
countries of Tanzania (0.99 and 0.75), Burundi (1.94 and 1.49),
South Sudan (2.73 and 2.14), and Kenya (4.66 and 4.69) but higher
than for Rwanda (0.58 and 0.52) and the Democratic Republic of
Congo (0.62 and 0.53) [12].

Our study demonstrates clustering of cases around the urban
areas, which may suggest increased occupational exposure to C
tetani spores in these areas. This is not unexpected considering
that the study sites, Mulago and Kiruddu NRHs, are located
within Uganda’s capital city Kampala and are therefore acces-
sible service centers for the city population. Noteworthy, how-
ever, from a national study by Nguna et al [9], Kampala capital
city was found to have the highest number of tetanus cases in
the country. This probably suggests increased vulnerability to
tetanus among urban dwellers and should be explored further.
Additional risk factors among males for tetanus are associated
with (1) reduced antitetanus antibody titers such as diabetes
mellitus and HIV and (2) sociodemographic characteristics
such as age, education level, employment, and marital status
[24, 25].

Our study revealed that a number of women are also diag-
nosed with tetanus. This probably highlights missed opportuni-
ties for tetanus vaccination, and it calls for efforts to ensure
universal access to tetanus vaccination. In a study by Islam
et al [26], TT vaccination among women correlated with living
conditions, whereas another study in East Africa found that less
educated women, those who traveled long distances to health
facilities, and those who had less access to health information
from electronic media were more likely to miss tetanus vaccina-
tion [27].
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Tetanus crude mortality rate annual trends 2011-2020
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Figure 4. Trends in tetanus mortality rates.

Similar to what Oshinaike et al [28] reported from Nigeria,
our study also demonstrates a decline in tetanus admissions
with nearly unchanged high mortality rates. High mortality
rates (over 30%) were also reported by Tosun et al [29]
(32.5%), in northwest Nigeria (48.4%) [30], Sudan (48.4%)
[31], and Afghanistan (50%) [32]. Whereas Van Hao et al
[33] reported a much lower mortality rate (2.8%) in Southern
Vietnam where at least 50% of tetanus patients were mechani-
cally ventilated, Olum et al [11] reported a 57.8% mortality rate
from Northern Uganda among tetanus patients admitted to the
ICU, and Hasnain et al [34] reported a 28.6% mortality rate
from Bangladesh with only pharmacological without mechan-
ical ventilation interventions among tetanus patients. The high
rate of mortality reported by Olum et al [11] and Nanteza et al
[7] could be because patients in their studies did not have access
to human antitetanus immunoglobulin, and the extent to
which this explained the high mortality in these studies was
not analyzed. In the present study, we did not have data on
the interventions that patients received.

Our study revealed a high proportion of tetanus deaths oc-
curring among those aged 31-40 years. This is in contrast to
what Khan et al [35] reported from Bangladesh, where deaths
mostly occurred among older individuals above 60 years of
age. We recommend further studies to assess risk factors for
mortality in our setting.

In Van Hao et al’s [33] study, the average length of hospital
stay was 15 days, much longer than what is reported in our
study (8.1 days). This shorter length of hospital stay in our
study is probably explained by high early premature mortality,
demonstrated by a short average length of hospital stay among
those who died (3.8 days). This could be due to inadequate care
for those admitted with severe disease or late presentation [15].
A quality-of-care audit can be used to determine whether all
tetanus patients received the standard care; and community
sensitization on early recognition of tetanus symptoms may
be implemented to address these.

Our study had some strengths and limitations. First, our data
are limited to adults admitted to the national referral hospitals
of Mulago and Kiruddu, excluding neonates, children under
5 years, pregnant and breastfeeding mothers, and cases treated
at regional and lower level health facilities. This underestimates
the national burden of tetanus. In addition, mortality rates
could be overestimated due to referral bias if critically ill pa-
tients were preferentially referred to these facilities. Second,
our study relied on routinely collected inpatient data extracted
from a patient database. It therefore excludes important vari-
ables that would further explain the determinants of mortality
in these patients such as quality of care provided, incubation
period, entry wound, and severity of symptoms at admission.
However, the strength of our study is in the large sample size,
pooling participants over a 10-year period that allowed for de-
scription of trends in annual admissions and deaths from an in-
patient setting.

CONCLUSIONS

Although the number of adults admitted with tetanus de-
clined over a 10-year period, associated mortality remained
high. The majority of admissions and deaths occurred among
males. Quality-of-care audits are recommended to inform in-
vestments in improved inpatient care. We recommend further
studies to describe risk factors for tetanus and tetanus mortal-
ity in our setting. Current tetanus vaccination efforts should
be sustained and further refined to target vulnerable women
and men.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader, the
posted materials are not copyedited and are the sole responsibility of the
authors, so questions or comments should be addressed to the correspond-
ing author.
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