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Abstract:
Introduction: In developing countries, tetanus remains an important cause of mortality. Predictive factors of death related to this condition are rarely investigated.

Objective: To identify factors associated with death among patients admitted for tetanus at the Department of Infectious and Tropical Diseases (SMIT) of Fann University Hospital, Dakar.

Methods: We conducted a retrospective, descriptive, and analytical study including patients hospitalized for tetanus over a 12-year period (2010–2021). Factors associated with mortality were investigated. To compare proportions in each category, bivariate analysis was performed using the chi-square test. Logistic regression was used in multivariate analysis to estimate odds ratios (OR) with 95% confidence intervals (CI). A significance level of α = 5% was considered for statistical significance.

Results: A total of 938 cases of tetanus were recorded among 10,948 hospitalized patients, representing a hospital frequency of 8.6%. The mean age was 30.06 years with a sex ratio of 4.27. Comorbidities (19.08%) were mainly hypertension (41%) and diabetes (22%). The mean delay before hospitalization was 3.6 days. The average incubation period was 14.26 days, and the invasion period 2.29 days. The main clinical signs of tetanus observed were trismus (99%), dysphagia (88%), and paroxysms (71%). The primary gateway was cutaneous (79%), and tetanus was generalized in 96% of cases. Patients were mainly classified as stage II according to Mollaret’s classification (82%). More than half of the patients (57%) had a Dakar score between 2 and 3. The mean duration of hospitalization was 11.99 ± 8.99 days. The main complications noted were cardiovascular (18%), respiratory (15%), and infectious (15%). The case fatality rate was 20.47%. In multivariate analysis, five factors were found to be associated with death: invasion < 48 hours (p=0.000); age ≥ 65 years (p=0.002); diabetes (p=0.008); tonic-clonic paroxysms (p=0.004); and occurrence of complications (p=0.000).

Conclusion: Risk factors for mortality, namely advanced age and diabetes, are not taken into account in current prognostic classifications of tetanus. It is therefore important to reconsider the parameters used in prognostic scoring systems for tetanus.
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1. Introduction :
Tetanus is an acute inoculation-related toxico-infection, non-immunizing, and severe because of its potential life-threatening outcome. The disease remains non-eradicable since the bacteria are permanently present in the soil and environment, but it is entirely preventable through vaccination and proper wound hygiene [1]. According to Blettery B and Laroche C, the global incidence of the disease is estimated at one million cases per year, with a mortality rate ranging between 20% and 50%, and reaching up to 70% in some regions [2, 3]. While it has become extremely rare in developed countries, tetanus remains a public health problem in resource-limited countries due to its high mortality [4, 5]. Sub-Saharan Africa and South Asia alone account for 82% of all tetanus cases worldwide and 77% of deaths related to the disease [6]. In Africa, it represents a significant proportion of admissions to intensive care units (ICU) and prolonged hospitalizations [7]. In Senegal, despite the Expanded Program on Immunization (EPI) established by the Ministry of Health since 1981, tetanus continues to be a frequent cause of hospitalization at the Department of Infectious and Tropical Diseases (SMIT) of Fann Teaching Hospital [8, 9]. However, few studies are available on the factors influencing patient outcomes, and predictive factors of death related to this condition are rarely evaluated. It is in this context that we conducted this study that aims at assessing hospital case fatality rate of tetanus among patients admitted to SMIT of Fann Teaching Hospital, and identifying its factors associated.

2. Patients and methods
We conducted a retrospective, descriptive, and analytical study using the medical records of patients admitted for tetanus, regardless of its form, at the Department of Infectious and Tropical Diseases (SMIT) of Fann Teaching Hospital, collected over a 12-year period from January 1, 2010 to December 31, 2021. We included all patients aged one year or older were included, regardless of their sex, and hospitalized for tetanus during the study period with an available medical record. The diagnosis of tetanus was established based on epidemiological criteria (absence of vaccination or incomplete vaccination, presence or absence of a gateway) and clinical criteria (trismus and/or contractures and/or dysphagia and/or tonic or tonic-clonic paroxysms). We compared sociodemographic, clinical, biological, and therapeutic data according to mortality. The chi-square test, in accordance with conditions of applicability, was used to compare proportions in each category. Logistic regression was applied in multivariate analysis to estimate odds ratios (OR) with 95% confidence intervals (CI). A significance level of α = 5% was considered for statistical significance.

3. Results
During our study period, 973 cases of tetanus were recorded at the Department of Infectious and Tropical Diseases (SMIT) of Fann Teaching Hospital, out of 10,948 admissions, representing a hospital prevalence of 8.88%. Of these, 944 were aged over one year, corresponding to a proportional morbidity of 97% and a hospital frequency of 8.62%. We included 938 medical records in our analysis, with the remaining six being unusable.
[bookmark: _bookmark106][bookmark: _Toc183010581]
3.1. Socio-demographic aspects
[bookmark: _bookmark112]The mean age of patients was 30.06 ± 21.37 years. The median age was 24 years, with an interquartile range of [11–46 years] and extremes from 1 to 90 years. The most represented age group was 1–20 years (42.43%), followed by those under 10 years (18.23%). There was a clear male predominance (81.02%), corresponding to a sex ratio of 4.27. Most of patients came from suburban areas (64.83%). Regarding their occupation, the most affected group was students (25.37%), followed by laborers (22.54%). Comorbidities were reported in 19.08% of cases (n=179), mainly represented by high blood pressure (40.62%) and diabetes (21.88%). Regarding vaccination status, the high majority of patients (99.67%) did not have a vaccination card, and the most of them were not vaccinated against tetanus (87.74%). The remainder (12.26%) had documented vaccination, but booster doses dated back more than five years. The mean length of hospital stay was 3.6 ± 3.3 days. More than half of the patients (69.4%) were hospitalized within three days after the onset of initial symptoms (Table I).

Table I: Distribution of patients according to their socio-demographic characteristics, Department of Infectious and Tropical Diseases (SMIT) of Fann Teaching Hospital, 2010-2021 (n = 938)
	Socio-demographic
characteristics
	Absolute frequency (n)
	Relative frequency (%)

	Sex 
	
	

	Male
	760
	81.02

	Female
	178
	18.98

	Age (years)
	
	

	[1-10[
	171
	18.23

	[10-20[
	227
	24.20

	[20-30[
	119
	12.68

	[30-40[
	109
	11.62

	[40-50[
	108
	11.51

	[50-60[
	94
	10.02

	[60-70[
	53
	5.65

	≥ 70
	57
	6.07

	Level of education
	
	

	Primary school
	261
	27.78

	Secondary school
	120
	12.80

	University
	20
	2.17

	Non-schooled
	537
	57.25

	Occupation
	
	

	Pupil-Student
	238
	25.37

	Laborer
	211
	22.54

	Trader
	101
	10.75

	Farmer
	49
	5.22

	Unemployed
	28
	2.99

	Official
	13
	1.34

	Others
	298
	31.79

	Comorbidities (n =179) 
	
	

	Hypertension 
	73
	40.62

	Diabetes
	39
	21.88

	Asthma
	32
	17.97

	Sickle cell disease
	21
	11.72

	Neoplasia
	13
	7.03

	Obesity
	1
	0.78

	Previous antitetanus vaccination
	
	

	Yes
	115
	12.26

	No
	823
	87.74

	Length of hospital stay (days)
	
	

	≤ 3
	651
	69.4

	> 3 
	287
	30.6


[bookmark: _Toc183010594]
3.2. Clinical patterns
At admission, almost all of our study population presented mainly with the generalized form of tetanus, accounting for 95.52% of cases. Among the 938 cases included in our study, a gateway was identified in 91.04% of patients. It was predominantly cutaneous (71.86%), post-circumcision (5.65%), and surgical (3.94%). For most cutaneous gateways, the wounds were recent (91.54%), with a predominant localization in the lower limbs (69.28%), followed by the upper limbs (15.58%). The incubation period was ≥ 7 days in more than half of the cases (50.64%), with a mean of 14.26 ± 32.9 days. The invasion period was ≥ 2 days in 46.92% of cases, with a mean of 2.29 ± 2.04 days. The main clinical signs of tetanus observed were dominated by trismus (99.36%), followed by dysphagia (87.94%) and paroxysms (70.79%). In our study, biological examinations were not systematically performed in all patients. However, hyperleukocytosis was found in 18.64% of cases (n=429), anemia in 3.49% of cases (n=429), C-reactive protein (CRP) levels above 96 mg/L in 22.32% of cases (n=345), and serum creatinine levels above 30 mg/L in 2.29% of cases (n=306). These clinical characteristics are summarized in Table II.





















Table II: Distribution of patients according to their clinical characteristics, Department of Infectious and Tropical Diseases (SMIT) of Fann Teaching Hospital, 2010-2021 (n = 938)
	Characteristics
	Absolute frequency (n)
	Relative frequency (%)

	GATEWAYS

	Cutaneous
	674
	71,86

	Post-circumcision
	53
	5,65

	Surgical
	37
	3,94

	Otogenous
	28
	2,99

	Dental
	19
	2,03

	Compound fracture
	13
	1.39

	Intramuscular
	7
	0.75

	Uterine (post-abortum)
	6
	0.63

	Burn
	6
	0.63

	Unfound gateway
	84
	8.96

	Non-specified gateway
	11
	1.17

	CLINICAL PATTERNS

	Generalized form
	896
	95.52

	Localized form
	42
	4.48

	CLINICAL SIGNS

	Trismus
	932
	99.36

	Dysphagia
	825
	87.94

	Paroxysms : 
- Tonic
- Tonic-clonic            
	664
	70.79

	
	549
	58.53

	
	115
	12.26

	Temperature ≥ 38.4°C
	250
	9.82

	Pulse ≥120 heartbeats/min
	92
	3,49




3.3. Therapeutic aspects
All our patients benefited from sensory isolation, and almost all (99.68%) received treatment for contractures. The main drug used was diazepam (72.54%), while thiocolchicoside was administered to 56.74% of patients. The majority of our study population (86.78%) underwent debridement of the gateway. The most frequently used antiseptics were hydrogen peroxide combined with Dakin’s solution (89.01%), Dakin’s solution alone (2.11%), or hydrogen peroxide alone (3.66%). Antibiotic therapy was administered to 936 patients (99.79%), mainly based on metronidazole (60.21%), penicillin G (30.05%), and ampicillin (4.39%). Our study recorded 928 patients who received a dose of tetanus vaccine (96.55%). A tracheotomy was performed in 10.87% of patients, and 4.16% benefited from assisted ventilation.

3.4. Evolutionnary and prognostic aspects 
At admission, patients were mainly classified as stage II according to Mollaret’s classification (81.77%). The median score was 2, with extremes of 0 and 6. More than half of the patients (56.61%) had a score between 2 and 3, and about 21% had a score ≥ 3. Regarding complications, one-third of patients (n=327), or 34.86%, developed at least one complication during hospitalization. The main complications observed were cardiovascular (17.59%), respiratory (14.71%), and infectious (15.03%) (Figure 1).



Figure 1: Distribution of patients according to the encountered complications, Department of Infectious and Tropical Diseases (SMIT) of Fann Teaching Hospital, 2010-2021 (n = 938)
Cardiac arrest was the most frequently observed cardiovascular complication, occurring in 88.48% of cases. Respiratory complications were dominated by laryngeal spasm (49.64%) and thoracic rigidity (37.96%); the most common infectious complications were pulmonary infections (51.06%). Hypersensitivity to sedatives was frequently noted as iatrogenic complication (81.25%). The mean length of hospital stay was 11.99 ± 8.99 days [range: 0 – 122]. Overall, during the study period, recovery was observed in 76.65% of patients. We recorded a mortality rate of 20.47%, while 2.88% of patients were transferred to other departments for continued management.



3.5. Factors associated with mortality
In multivariate analysis, five factors were significantly associated with death:
- Invasion period less than 48 hours: OR = 5.27 [2.23-12.44]
- Age ≥ 65 years: OR = 7.17 [2.10-12.44]
- Presence of diabetes: OR = 11.56 [1.92-69.68] 
- Occurrence of tonic-clonic paroxysms: OR =3.79 [1.52-9.43]
- Development of complications: OR = 11.33 [3.62-35.46]

TABLE III. Multivariate logistic regression analysis
	Predictors
	Odd ratio
	Std. Err
	p-value
	95% CI 

	Invasion period < 48 hours
	5.27
	2.31
	0.000
	2.23-12.44

	Age ≥ 65 years
	7.17
	4.48
	0.002
	2,10-24.40

	Diabetes
	11.56
	10.59
	0.008
	1.92-69.68

	Tonic-clonic paroxysms
	3.79
	1.76
	0,004
	1.52-9.43

	Complications
	11.33
	6.59
	0.000
	3.62-35.46



4. Discussion
For 12 years (from January 1, 2010 to December 31, 2021), we collected 938 cases of tetanus at the Department of Infectious and Tropical Diseases (SMIT) of Fann Teaching Hospital. The mean age of our study population was 30.06 ± 21.37 years [range: 1–90 years]. The most represented age group was under 20 years (42.43%). These results are comparable to those found in the same department by Attinsounon et al. [10], with a mean age of 27.8 ± 22.1 years. Similarly, Diallo Mbaye et al. [11] reported a mean age of 29.40 ± 22.1 years, while Seydi et al. [12] found that more than 70% of tetanus patients were under 25 years. Elsewhere, the same observation has been made in most African series: in Nigeria by Komolafé et al. [13], in Côte d’Ivoire by Tanon et al. [14], and in Togo by Wateba et al. [15]. The relatively young age of the study population could be explained by the absence of tetanus booster vaccinations (ATV) and by the exposure of children and adolescents to poorly managed wounds. In Western countries, tetanus is mainly observed among older individuals. In Europe and the United States, according to Gentilini [16], more than half of tetanus patients were over 50 years old. In France, Antona et al. [17] found a predominance of elderly patients, with 87% of cases aged 70 years or older. In Switzerland, Vázquez et al. [18] reported that the majority of patients (80%) were over 60 years old. Our series was predominantly male, with a sex ratio of 4.27. These results are consistent with other studies conducted in the same department: Diallo Mbaye [11] reported a sex ratio of 4.3; Fortes [19] found 3.6; and Seydi [20] reported 2.41. In African literature, male predominance in tetanus has been observed in Togo by Wateba et al. [15], in Guinea by Traoré et al. [21], and in Abidjan by Tanon et al. [14]. This greater vulnerability of men to tetanus is explained by their higher exposure to injuries through professional and recreational activities. However, in the Democratic Republic of Congo (formerly Zaire), Ribereau-Gayon et al. [22] found a female predominance, with two-thirds of cases in their series. This was explained by the high exposure of women to multiple injuries during agricultural work, which constituted their main activity. A female predominance has also been reported in France, where 68% of tetanus cases were women, as men were vaccinated during compulsory military service [17].
In our series, 19.08% of patients underwent at least one comorbidity. These were mainly hypertension and diabetes. A study conducted by Fortes reported 10.9% of underlying conditions, also dominated by hypertension and diabetes [19]. Tetanus manifested essentially in its generalized form (95.52%), consistent with the results of certain studies conducted in the same department [19, 23, 24]. These findings are also comparable to those of the Ivorian study by Tanon et al. [14]. Complications occurred in more than one-third of our patients (34.86%). These complications were mainly cardiovascular, respiratory, infectious, and related to prolonged decubitus, in line with data described by other authors [19, 23, 24]. Elsewhere in Africa, Bawé in Togo [25], Diallo Z in Mali [26], and Chukwubike O.A in Nigeria [27] reported complication rates of 6.25%, 43.5%, and 52.3%, respectively. These results suggest that the incidence of tetanus complications remains high in the sub-region in general, and in Senegal in particular. Several factors may explain this, including a long and complex patient care pathway, poor management of gateways, delayed access to care, and booster vaccinations often not performed because they are not free of charge. The most frequent cardiovascular complication was cardiac arrest (88.48%). Mechanical respiratory complications were dominated by laryngeal spasm (49.64%) and thoracic rigidity (37.96%). Infectious complications were mainly pulmonary infections, urinary tract infections, and bacteremia, accounting for 51.06%, 13.48%, and 21.28%, respectively. We also noted 23 cases of pressure sores, 8 cases of dehydration, 2 cases of malnutrition, 2 cases of fractures/compression, and 13 cases of hypersensitivity to sedatives, corresponding respectively to complications of decubitus, metabolic, mechanical, and iatrogenic origin. Hospital case fatality rate was 20.47% in our series. This result is comparable to those observed in the same department [19, 24, 28]. However, our results are lower than that reported by other authors in the same department. Soumaré et al. [29] and Attinsounon et al. [30] reported case fatality rates of 26.7% and 26.9%, respectively. Elsewhere, even higher fatality rates have been reported in other series: Bawé in Togo (27.4%) [25], Dao et al. in Mali (38.9%) [31], and Anuradha et al. in India (37.78%) [32]. Moreover, other studies have reported case fatality rates reaching up to 50% [22, 33–35].

Factors associated with mortality
Multivariate analysis allowed us to identify five factors statistically associated with death: invasion period less than 48 hours, age ≥ 65 years, presence of diabetes, occurrence of tonic-clonic paroxysms, and development of complications. A short invasion period may reflect a high level of infectivity, thus constituting a severity factor, as suggested by the Dakar scoring system and by other authors such as Khan et al. [36] in Bangladesh and Amare et al. [37] in Ethiopia. Advanced age was a risk factor for mortality in our series. Other studies have also found this association, including those by Fortes in the same department [19], Saltoglu [35] in Turkey, Khan [36] in Bangladesh, Amare [37] in Ethiopia, and Nòbrega [38] in Brazil. Tetanus remains relatively severe in elderly individuals. This severity is due to intertwined phenomena such as frailty that predisposes to complications, frequent decompensation of comorbidities, hypersensitivity to sedatives that complicates management and may lead to iatrogenic coma and respiratory disorders. We also found diabetes to be a risk factor for mortality. Fortes [19] reported an association between comorbidity and death. Tetanus remains relatively severe in patients with debilitating conditions such as diabetes. Other authors have identified comorbidities as factors associated with mortality [39, 40]. Diabetes is also a chronic disease with its own complications (decompensation, silent myocardial infarction leading to sudden death), which can worsen prognosis.
The presence of tonic-clonic paroxysms was associated with death. These paroxysms indicate severe involvement, as shown in Mollaret’s classification, where their presence places the patient at stage III. Tonic-clonic paroxysms may be accompanied by neurovegetative disorders, reflecting dysautonomia, which exposes patients to often fatal complications. This explains why severe forms with paroxysms are frequently associated with high lethality, as demonstrated in several studies [19, 37, 41, 42]. The presence of complications was also a factor associated with mortality. Our results are consistent with those reported in the literature, both in Senegal and elsewhere in Africa [19, 27]. Mechanical complications can lead to cardiorespiratory arrest of either cardiac or respiratory origin, even with adequate management. The occurrence of complications also reflects delayed medical care, highlighting the importance of raising public awareness for early consultation.


5. Conclusion 
This study allowed us to highlight the limitations and inadequacy of the prognostic classifications currently used to evaluate patients hospitalized for tetanus. Indeed, risk factors for mortality, such as advanced age, the presence of comorbidities like diabetes, and the occurrence of complications, are not taken into account in existing classifications. Therefore, it appears important to develop new prognostic tools that incorporate these aforementioned factors. Thus, this study could serve
as an argument for a revision of the various prognostic classifications of tetanus.
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