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ARTICLE INFO ABSTRACT

Keywords: Objective: We sought to examine high-risk factors for severe tetanus, construct a nomogram
Severe tetanus model, and predict the risk probability of severe tetanus in adult patients to provide a theoretical
NLR ol basis for clinical intervention. Methods: A retrospective analysis was employed in this study,
I\N/IZ;C,:::; enzymes which enrolled 65 adult patients with tetanus diagnosed at the Second Affiliated Hospital of

Hainan Medical University from January 2017 to September 2022. Study participants were
divided into severe and mild groups based on the Ablett classification. The general data and
laboratory markers of both groups were compared, and logistic regression analysis was used to
screen for independent risk factors for severe tetanus. A nomogram prediction model was con-
structed, and receiver operating characteristic (ROC), calibration curve, and decision curve
analysis (DCA) were constructed and used to assess discrimination, calibration, and net benefit.
Results: Of the 65 adults patients with tetanus, 28 were placed in the severe group and 37 were
placed in the mild group. Univariate logistic regression analysis showed that there were statis-
tically significant differences in the incubation period, time from disease onset to treatment,
white blood cell count (WBC), neutrophil count (NEU), lymphocyte count (LYM), platelet count
(PLT), neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), lactate dehy-
drogenase level (LDH), myoglobin level (Mb), and aspartate aminotransferase (AST) level be-
tween the two groups (P < 0.05). while the differences in age; sex; and creatine kinase, creatine
kinase isoenzyme, and alanine aminotransferase levels were not statistically significant (P >
0.05). Multivariate analysis showed that NLR (odds ratio [OR] = 4.998, 95 % confidence interval
[CI] = 1.154-21.649, P = 0.031), AST (OR = 1.074, 95 % CI = 1.007-1.146, P = 0.031), PLT (OR
= 1.055, 95 % CI = 1.006-1.106, P = 0.027), and incubation period (OR = 0.597, 95 % CI =
0.423-0.843, P = 0.003) are independent risk factor for severe tetanus. A Nomogram for pre-
dicting Severe Tetanus (N-ST) prediction model was constructed based on variables in the
multivariate analysis with P < 0.05. The ROC curve showed that the optimal cutoff point was
108.044 points. At this point, the sensitivity was 86.5 %, the specificity was 89.3 %, the area
under the ROC curve was 0.936, and model discrimination was good. The calibration curve
overlapped with the ideal curve, and the DCA curve showed that the model can provide clinical
benefits. Conclusion: NLR, AST, PLT, and incubation period are predictors of severe tetanus. The
constructed N-ST model can provide a new, convenient, and rapid method to predict the risk
probability of severe tetanus in adults and guide early clinical intervention.
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1. Introduction

Tetanus is an acute infectious disease caused by Clostridium tetani. The toxin tetanospasmin produced by this bacterium is known to
be one of the most toxic substances in the world. Tetanus has significant pathogenicity and a high mortality rate [1]. Laryngospasm,
asphyxiation, lung infection, and organ failure can occur in severe cases, and the mortality rate can reach 65-70 % in centers without
appropriate intensive care facilities [2]. During treatment, high-dose sedatives must be administered, and prompt tracheotomy is
performed; however, this causes sputum accumulation and lung infection. Therefore, such treatments are not recommended for mild
cases, showing that treatment approaches for severe and mild tetanus should have some differences. Currently, the Ablett classification
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Fig. 1. Flow diagram of study population selection.
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is used to evaluate the patient’s condition and is a qualitative judgment method. The use of this qualitative method often causes
delayed treatment and some limitations in clinical work. Therefore, the use of objective markers and the early prediction of disease
severity is vital to providing suitable treatment. The neutrophil-to lymphocyte ratio (NLR) can reflect dynamic changes in neutrophils
and lymphocytes in the human body and is a novel inflammatory marker that represents the degree of inflammation and immune
status of the body. In recent years, NLR has shown good prediction effects in infectious disease, tumors, and immune diseases [3]. One
study showed that patients with severe spasms tend to have more severe conditions, and their myocardial enzyme levels are higher
when muscle spasm severity is greater [4]. Therefore, inflammatory markers and myocardial zymography results can be used as
quantitative markers to determine the severity of tetanus in patients. Nomogram prediction models are widely used in disease
diagnosis, outcome, and prognosis prediction [5], but there are no reports of studies using such models to predict severe adult tetanus.
In this study, a retrospective analysis was carried out to search for laboratory markers associated with severe tetanus, determine
high-risk factors, and construct a nomogram prediction model for early screening of patients with severe tetanus to provide a theo-
retical basis for treatment regimen selection.

2. Participants and METHODS
2.1. Study participants

Seventy-one adult patients with tetanus diagnosed at the Second Affiliated Hospital of Hainan Medical University from January
2017 to September 2022 were considered for this study. The definition of patients with tetanus was extracted from the nomenclature of
the International Classification of Disease, Tenth Revision (ICD-10). The diagnosis of tetanus was mainly based on clinical manifestations,
including one of the following two manifestations: (1) the presence of clenched teeth or a wry smile, and (2) painful muscle cramps [2].
History of trauma was not necessary for diagnosis [6]. The exclusion criteria were as follows: (1) presence of other severe infections,
malignant tumors, autoimmune diseases, liver cirrhosis, chronic renal failure, or coronary heart disease; (2) age <18 years; and (3)
incomplete data in the medical records. Sixty-five patients were finally included (Fig. 1). The study participants were divided into the
severe group (Ablett grades III and IV) and a mild group (Ablett grades I and II) based on the Ablett classification [7]. The Ablett
classification of tetanus severity defines four grades as follows: grade I (mild to moderate trismus, generalized spasticity, no respiratory
compromise, no spasms, little or no dysphagia); grade II (moderate trismus, marked rigidity, mild to moderate but short spasms,
moderate respiratory compromise with an increased respiratory rate [>30 breaths per minute], mild dysphagia); grade III (severe
trismus, generalized spasticity, reflex prolonged spasms, increased respiratory rate [>40 breaths per minute], apneic spells, severe
dysphagia, tachycardia [>120 beats per minute]); and grade IV (clinical features of grade 3 tetanus, violent autonomic disturbances
involving the cardiovascular system, severe hypertension and tachycardia alternating with relative hypotension and bradycardia
[either of which might be persistent]). Ethical approval was obtained from the Human Research Ethics Committee of the Second
Affiliated Hospital of Hainan Medical University, China (LW2021188), and the Committee waived informed consent.

2.2. Study methods

The general data of patients (age, sex, incubation period, time from disease onset to treatment, the degree of trismus, muscle
spasms, respiratory rate, and heart rate) and blood routine, hepatic function, and myocardial zymography results immediately after
admission were collected. NLR, platelet count, and the platelet-to-lymphocyte ratio (PLR) were calculated based on the blood routine
results.

2.3. Statistical methods

R version 4.2.2 (R Foundation for Statistical Computing, Vienna, Austria) was used to perform statistical analysis, and general data
and laboratory markers were compared between the severe group and mild group. Quantitative data are expressed as x + s, and
intergroup comparisons were carried out by independent-samples t-test. Qualitative data are expressed as the number and percentage
of patients, and intergroup differences were tested using chi-squared test without continuity correction. Logistic regression analysis
was used to screen for independent risk factors for severe tetanus. The rms R package was used to construct a nomogram prediction
model, and the ROC curve, calibration curve, and DCA curve were successively plotted and used to assess the discrimination, cali-
bration, and net benefit of the model in order to measure its predictive capacity. P < 0.05 was considered statistically significant.

3. Results
3.1. General data

Among the 65 adult tetanus patients, 28 were placed in the severe group and 37 were placed in the mild group. In total, there were
45 men and 20 women, and the mean age was 59.04 + 14.85 years. Sixty-three patients had a definite history of trauma (including 31
with puncture wounds by iron product, 8 with puncture wounds by wood products, 7 with falls, 4 with surgical wound infections, and
13 with other causes of trauma) and 2 patients did not have a definite history of trauma. Patients with a history of trauma did not
promptly receive tetanus antitoxin or tetanus immunoglobulin prophylaxis. On the day of admission, local blocking with tetanus
antitoxin was performed regardless of whether the wound had healed, followed by wound incision and debridement. All of the patients
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had lockjaw as the initial symptom, and muscle spasms were present on the day of admission. After admission, the patients were given
tetanus antitoxin, anti-infective medication, sedation, nutrition support, and other basic treatments. Eleven patients underwent tra-
cheotomy. In our study, two patients died in the hospital, five patients voluntarily ended treatment and left the hospital, and their
deaths were confirmed by phone during follow-up. All of these patients were in the severe group. The remaining 58 patients showed no
obvious sequelae after follow-up. Table 1 shows a comparison of general data between the severe and mild groups.

3.2. Univariate logistic regression analysis

There were no statistically significant differences in age; sex; or creatine kinase, creatine kinase isoenzyme, and ALT levels between
the severe group and mild group (P > 0.05). The severe group had higher white blood cell count, neutrophil count, PLT, NLR, PLR,
LDH, myoglobin, and AST values compared to the mild group, while the incubation period, time from disease onset to treatment, and
lymphocyte count of the severe group were lower than those of the mild group, and these differences were statistically significant (P <
0.05) (Table 1).

3.3. Multivariate logistic regression analysis

Markers with P < 0.05 in the univariate analysis results were included in the multivariate logistic regression analysis, and forward
and backward stepwise regression found that PLT (odds ratio [OR] = 1.055), NLR (OR = 4.998), and AST (OR = 1.074) are inde-
pendent risk factors for severe tetanus; incubation period (OR = 0.597) is an independent protective factor; and the differences were
statistically significant (P < 0.05) (Table 2).

3.4. Construction of a nomogram prediction model and performance evaluation

Final progression to severe disease was used as the dependent variable, independent risk factors (including incubation period, PLT,
NLR, AST) were used as independent variables, and the rms package in R version 4.2.2 were used to construct the Nomogram for
Predicting Severe Tetanus (N-ST) model (Fig. 2A). The N-ST model was used for early prediction of the risk probability of severe adult
tetanus. To facilitate precise calculation, the formula was extracted from the nomogramEX package, i.e., total score = —2.842 * in-
cubation period +2.5 * NLR +0.093 * PLT +0.553 * AST +75.102. The ROC curve (Fig. 3) of this model was plotted. When the total
score was 108.044 points, the Youden index was highest at 0.758. At this point, the sensitivity was 86.5 %, the specificity was 89.3 %,
and the area under the ROC curve was 0.936. In order to decrease bias caused by overfitting, 1000 bootstrap repeated samplings were
used for internal calibration to construct the calibration curve for the N-ST model (Fig. 2B); it can be seen that the calibration curve
overlaps with the ideal curve. The DCA clinical decision curve, plotted using the rmda package, showed that using this model for
intervention demonstrated the greatest clinical net benefits (Fig. 2C).

4. Discussion

The tetanus exotoxin produced by Clostridium tetani is the main pathogenic substance that causes lockjaw, a wry countenance, and
muscle spasms. This exotoxin is a neurotoxin that can block inhibitory synapses in the central nervous system, causing skeletal muscle

Table 1
Univariate logistic regression analysis of general data and laboratory markers of the severe and mild groups.

Marker Severe group (n = 28) Mild group (n = 37) Statistic P value
Age (years, X + s) 59.04 + 14.85 52.70 + 13.68 t=-1.78 0.086
Sex [n (%)] X% =0.04 0.835
Male 19(67.8 %) 26(70.2 %)

Female 9(32.1 %) 11(29.7 %)

Incubation period (days, X + s) 6.89 + 3.27 14.00 + 8.81 t =4.05 0.003
Time from disease onset to treatment (days, X + s) 2.46 + 1.64 3.70 £+ 2.69 t=2.15 0.044
WBC (10°/L, X + s) 10.31 £+ 4.12 7.15 £ 1.95 t=-4.10 0.001
NEU (109/L, X +s) 8.69 + 4.05 5.22 +£1.88 t=—-4.60 <0.001
LYM (10%/L, X + s) 1.05 + 0.46 1.46 + 0.55 t=32 0.005
PLT (10°/L, X + 5) 287.20 + 81.02 236.20 + 80.37 t=-252 0.027
NLR (X + s) 11.76 + 10.39 4.17 £ 2.59 t=-4.28 0.002
PLR (X £ s) 342.00 £ 201.68 183.36 + 97.78 t=-4.19 0.003
CK (U/L, X + s) 1183.00 + 1301.87 758.00 + 989.30 t=-1.49 0.157
CK-MB (U/L, X + s) 55.02 + 39.60 35.50 + 42.32 t=-1.89 0.084
LDH (U/L, X + s) 264.00 + 98.26 200.50 + 79.04 t=-2.89 0.013
Mb (U/L, X + s) 460.80 + 323.66 195.00 + 127.81 t=—-4.56 0.001
ALT (U/L, X + s) 29.54 +12.85 25.81 +15.29 t=-1.04 0.306
AST (U/L, X + S) 47.36 + 27.45 32.00 + 13.49 t=-297 0.011

Note: ALT: alanine aminotransferase, AST: aspartate aminotransferase, CK: creatine kinase, CK-MB: creatine kinase isoenzyme, LDH: lactate dehy-
drogenase, LYM: lymphocyte count, PLT: platelet count, Mb: myoglobin, NEU: neutrophil count, NLR: neutrophil-to-lymphocyte ratio, PLR: platelet-
to-lymphocyte ratio, WBC: white blood cell count.
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Table 2

Multivariate logistic regression analysis of severe tetanus in adult patients.
Marker Regression coefficient Wald statistic SE OR (95 % CI) P value
Incubation period (days) —0.515 —-2.93 0.176 0.597 (0.423-0.843) 0.003
PLT (10°/L) 0.055 2.21 0.024 1.055 (1.006-1.106) 0.027
NLR 1.609 2.15 0.748 4.998 (1.154-21.649) 0.031
AST (U/L) 0.071 2.16 0.033 1.074 (1.007-1.146) 0.031

Note: AST: aspartate aminotransferase, NLR: neutrophil-to-lymphocyte ratio, OR: odds ratio, PLT: platelet count, SE: standard error, OR: odds ratio,
CI: confidence interval.

spasms and severe autonomic system disruption [8]. Globally, 48,000-80,000 patients die due to tetanus every year, with most of these
deaths occurring in low- and middle-income countries [9]. Additionally, the length of hospitalization is longer in severe cases, and
subsequent treatments due to delays cause high medical fees, increasing the financial burden of patients [10]. Therefore, early
identification of severe tetanus patients and administration of high-dose sedatives to alleviate muscle spasms as well as prompt tra-
cheotomy to prevent asphyxiation are vital [11,12]. The Ablett classification is a commonly used scale in clinical work and it has been
used in a number of studies [3,13-15] to assess the severity of tetanus. We also approved the value of this scale in the retrospective
evaluation of the severity of tetanus. However, given that it is based on the clinical manifestations that have already occurred, the
Ablett classification has only a limited ability to predict the future course of the disease. Our study showed that all patients had lockjaw
as the first symptom and muscle spasms on admission, and some patients gradually developed severe disease during hospitalization.
Therefore, Ablett classification has limitations with respect to evaluating the patient’s condition at admission and predicting whether
the patient will develop severe disease. Therefore, it is important to predict which patients will develop severe cases while they are still
in the early stages of the disease. If we can predict the course of the disease early and apply prompt treatment, we could reduce both the
mortality rate and the economic burden. This was the main purpose of this study. Therefore, an N-ST model was constructed in this
study to search for quantitative markers that can be used for simple and prompt evaluation of disease severity, and the capacity of this
model in predicting the risk probability of severe tetanus was examined to guide prompt clinical intervention, improve the prognosis of
patients with tetanus, and increase the survival rate.

This study shows that incubation period, NLR, PLT, and AST are independent risk factors for severe tetanus. The results of many
studies [3,13,16] showed that, the shorter the incubation period, the greater the severity and the poorer the prognosis, which is
consistent with the results of this study. Currently, the relationship between the incubation period and disease severity is not clear,
although it may be influenced by the site of the wound, bacteria virulence, and immunity. The incubation period is shorter in patients
whose wound is closer to the central nervous system, who are infected with more virulent bacteria, and who have weaker immune
systems [17]. As the incubation period can be obtained by medical history-taking, it is convenient and fast to record and usually used as
a marker to determine disease severity in clinical practice. However, there is a risk of delayed treatment if only the incubation period is
used as a predictor [4]. Serum NLR, PLT, and AST in patients with severe cases were higher than in patients with mild cases. This may
be related to the severity of inflammatory response in the patients. NLR is a marker that can reflect the degree of inflammation and has
predictive effects in various inflammatory diseases, tumors, and immune diseases at present [18-20]. Tetanospasmin can bind irre-
versibly to neurons and prevent vesicles from releasing inhibitory neurotransmitters [8]. If it inhibits the inhibitory effects of the spinal
cord on the sympathetic nervous system, it will cause catecholamine levels to rise. Some studies posit [3] that the increase in cate-
cholamines in tetanus patients and the overactivation of sympathetic nerves promote the production of a large number of cytokines,
including TNF-a. TNF-a has a direct toxic effect on body cells, and can coordinate with many inflammatory mediators, resulting in
systemic inflammatory response syndrome (SIRS), which leads to tissue damage. Staedtke [21] identified catecholamines as an
important component of cytokine release. Catecholamines can contribute to the release of cytokines through the self-amplification
production loop in macrophages. In patients with severe tetanus, due to the overactivation of sympathetic nerves, the secretion of
catecholamines increases, leading to the release of a large number of cytokines, which can further cause the surge of catecholamines,
forming a vicious cycle, and eventually lead to SIRS. Systemic inflammatory response is initially characterized by an imbalance of
proinflammatory and anti-inflammatory in the body, resulting in persistent and uncontrolled inflammatory response and low immune
defense function, in which neutrophils participate in nonspecific inflammatory response, and lymphocytes participate in the regulation
of the immune system. The review by Kim [22] discussed the interaction between platelets and inflammatory responses. Platelets have
traditionally been considered key effector cells in hemostasis but are now increasingly recognized as players in innate and adaptive
immune inflammatory responses. Platelets can recognize and kill invading pathogens and, when stimulated, they can also release a
variety of mediators that regulate immune and endothelial cell responses. Increased platelet activity can protect the host from in-
fectious damage, and these key roles highlight the need for platelet response in inflammatory responses. Therefore, we believe that the
increased platelet count in patients in severe cases is reasonable, and a more severe inflammatory response is associated with a stronger
platelet response. The changes in these cells reflect the degree of inflammation and immune function of the body. Therefore, NLR can
reflect the dynamic changes in the state of acute inflammatory response.

We found significant differences in AST, but not CK, between the two groups. Previous studies [23] have shown that inflammatory
responses mediated by proinflammatory cytokines (such as TNF-a) can lead to excessive contraction of muscle cells, increased ATP
consumption, increased mitochondrial volume density, and ultimately reduced mitochondrial respiratory capacity. Mediators of
systemic inflammatory responses have been shown to directly impair mitochondrial structure and function [24]. In addition, various
systemic inflammatory reactions are closely related to oxidative stress. As reported by Wen [25], mitochondria are not only the main
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Fig. 2. A. The N-ST nomogram designed for predicting the probability of severe adult tetanus.

Note: In this figure, the regression coefficient of every variable was converted to 0-100 points based on its ratio. The value of the marker is located
above its corresponding axis. Specific points can be obtained at the corresponding “points” axis. The total of these points is located on the “total
points” axis, and the risk probability of severe tetanus can be obtained from the corresponding “risk” axis below it. In this figure, time is the in-
cubation period (days), NLR is the neutrophil-to-lymphocyte ratio, PLT is platelet count (*10°/L), and AST is aspartate aminotransferase.

B. The calibration curve of the N-ST model.

C. The DCA clinical decision curve of the N-ST model.

production site of reactive oxygen species (ROS), but also the main target of ROS. The intense inflammatory response in patients with
severe cases causes oxidative stress, leading to mitochondrial damage, and the mitochondrial damage induced by the initial ROS
increases the production of ROS, which further leads to mitochondrial damage, thereby forming a vicious cycle. AST mainly exists in
the mitochondria of muscle cells and hepatocytes [26]. A more intense inflammatory response is associated with more severe mito-
chondrial damage and greater AST release. There was no significant difference in CK in this study. The reasons for this phenomenon
may be as follows. First, all patients were admitted to hospital with lockjaw as the first symptom. Regardless of whether they developed
a severe disease in the later stage, all patients showed muscle spasm on the day of admission. CK is a sensitive indicator of muscle
spasm, and its expression is the highest in energy-consuming organs such as muscles, heart, and brain. CK rises 1-12 h before muscle



Y. Wang and L. Zhang Heliyon 10 (2024) e23487

1.0

108.044 (0.865, 0.893)

0.8

AUC: 0.936

Sensitivity

0.4

[ I | I | |
1.2 10 08 06 04 02 00 -02

Specificity

Fig. 3. The ROC curve of the N-ST model.

spasm and peaks 24-72 h later [27]. Hence, CK could have increased in the early stage of muscle spasm, and both the patients in the
mild group and those in the severe group had muscle spasm on admission, both groups can show high levels of CK. However, there was
no statistically significant difference between the two groups. One multicenter study [2] showed the same results, that AST is a sig-
nificant predictor of mortality but CK is not. Therefore, CK may not be an optimal indicator for distinguishing between mild and severe
cases. Nevertheless, this speculation has to be verified in a larger study.

In summary, the severity of tetanus is affected by many factors, and predictions should not be made using just a single factor.
Therefore, an N-ST composite model was constructed in this study based on independent risk factors, and its prediction performance
was evaluated. It is worth noting that we used continuous variables and not categorical variables to facilitate personalized prediction of
severe disease probability. The ROC curve showed that the optimal cutoff point for the total score was 108.044 points. At this point, the
sensitivity was 86.5 %, the specificity was 89.3 %, and the area under the ROC curve was 0.936. It can be seen that the model has good
discrimination and can help differentiate between severe and mild cases. The calibration curve obtained after 1000 repeated samplings
overlapped with the ideal curve, showing that the model has good calibration and the prediction probability and observation prob-
ability have good concordance. The DCA curve showed that the N-ST composite model can provide a certain threshold to bring the
highest net benefit and its predictive power is superior to that of a single marker.

Therefore, the N-ST model constructed in this study can be used for early prediction of severe tetanus. For example, when a total
score of >108.044 points is obtained from the formula, this means that the patient has an extremely high probability of progressing to
severe disease. In this case, it is recommended that high-dose sedatives and analgesics be administered, medical equipment for tracheal
intubation and tracheotomy should be prepared timely to ensure that it can be used when necessary, and the patient’s condition should
be closely monitored for changes to improve the prognosis and increase the survival rate.

This study also had some limitations. First, this was a retrospective study, so it may have selection bias or recall bias. Second, this
was a single-center study and the sample size was small. Predictive effectiveness of the N-ST model should be further examined in
prospective cohort studies of patients with tetanus with a larger sample size.

Funding

This work was supported by the Hainan Province Science and Technology Special Fund (grant No. ZDYF2022SHFZ098) and the
Hainan Provincial Natural Science Foundation of China (grant No. 819QN360).

Ethical approval

This study was approved by the Ethics Committee of the Second Affiliated Hospital of Hainan Medical University (LW2021188).



Y. Wang and L. Zhang Heliyon 10 (2024) e23487

Data availability statement

All data associated with the study has been deposited into the Mendeley Data.

CRediT authorship contribution statement

Yuyan Wang: Writing - original draft, Resources, Formal analysis, Data curation. Liyuan Zhang: Writing - review & editing,
Supervision, Project administration, Funding acquisition, Conceptualization.

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.heliyon.2023.e23487.

References

[1] P. Finkelstein, L. Teisch, C.J. Allen, et al., Tetanus: a potential public health threat in t-imes of disaster, Prehosp Disaster Med 32 (3) (2017) 339-342, https://
doi.org/10.1017/51049023X17000012.

[2] S. Tosun, A. Batirel, A.I. Oluk, F. Aksoy, et al., Tetanus in adults: results of the multic-enter ID-IRI study, Eur. J. Clin. Microbiol. Infect. Dis. 36 (8) (2017 Aug)
1455-1462, https://doi.org/10.1007/s10096-017-2954-3.

[3] J.P. Zhao, X.Y. Li, Q.L. Sun, et al., Predictive value of neutrophil-to-lymphocyte ratio in adult severe tetanus, Chin J Infect Dis 40 (7) (2022) 411-414, 10.3760/
cma.j.cn311365-20210912-00329.

[4] M.F. Weiss, J. Badalamenti, E. Fish, Tetanus as a cause of rhabdomyolysis and acute renal failure, Clin. Nephrol. 73 (1) (2010 Jan) 64-67, https://doi.org/
10.5414/cnp73064.

[5] Z.Q.Lei, J. Li, D. Wu, et al., Nomogram for Preoperative Estimation of microvascular invasion risk in hepatitis B virus-related hepatocellular carcinoma within
the milan criteria, JAMA Surg 151 (4) (2016) 356-363, 10.1001/jamasurg.2015.4257.

[6] L. Weinstein, Tetanus. N Engl J Med 289 (24) (1973) 1293-1296, https://doi.org/10.1056/NEJM197312132892408.

[71 L.M. Yen, C.L. Thwaites, Tetanus [published Correction Appears in Lancet, 2019 Apr 27, p. 393, https://doi.org/10.1016/50140-6736(18)33131-3 (10182):
1698]. Lancet. 2019;393(10181):1657-1668.

[8] N. Van Hao, H.T. Loan, L.M. Yen, et al., Human versus equine intramuscular antitoxin, with or without human intrathecal antitoxin, for the treatment of adults
with tetanus: a 2 x 2 factorial randomised controlled trial, Lancet Glob Health 10 (6) (2022 Jun) e862-e872, 10.1016/52214-109X(22)00117-6.

[9] H.H. Kyu, J.E. Mumford, J.D. Stanaway, et al., Mortality from tetanus between 1990 and 2015: findings from the global burden of disease study 2015, BMC
Publ. Health 17 (1) (2017) 179, https://doi.org/10.1186/512889-017-4111-4. Published 2017 Feb 8.

[10] S.Bae, M. Go, Y. Kim, et al., Clinical outcomes and healthcare costs of inpatients with tetanus in Korea, 2011-2019, BMC Infect. Dis. 21 (1) (2021) 247, https://
doi.org/10.1186/512879-021-05935-w. Published 2021 Mar 9.

[11] C. Sun, H. Zhao, Y. Lu, et al., Prognostic factors for generalized tetanus in adults: a retrospective study in a Chinese hospital, Am. J. Emerg. Med. 37 (2) (2019
Feb) 254-259, 10.1016/j.ajem.2018.05.039.

[12] A.M. Talukdar, G. Bilen-Rosas, M. Wilhelm, et al., The novel early use of dexmedeto-midine in the management of tetanus, J. Clin. Anesth. 50 (2018 Nov)
18-19, https://doi.org/10.1016/j.jclinane.2018.05.013.

[13] R. Mahieu, T. Reydel, A. Maamar, et al., Admission of tetanus patients to the ICU: a retrospective multicentre study, Ann. Intensive Care 7 (2017) 112, https://
doi.org/10.1186/5s13613-017-0333-y.

[14] H.T.H. Duong, G.A. Tadesse, P.T.H. Nhat, et al., Heart rate variability as an indicator of autonomic nervous system disturbance in tetanus, Am. J. Trop. Med.
Hyg. 102 (2) (2020) 403-407, https://doi.org/10.4269/ajtmh.19-0720.

[15] M. Wasay, B.A. Khealani, N. Talati, et al., Autonomic nervous system dysfunction predicts poor prognosis in patients with mild to moderate tetanus, BMC
Neurol. 5 (1) (2005) 2, https://doi.org/10.1186/1471-2377-5-2.

[16] C.L. Thwaits, N.J. Beeching, C.R. Newton, Maternal and neonatal tetanus, Lancet 385 (9965) (2015) 362-370, https://doi.org/10.1016/50140-6736(14)60236-
1.

[17] Japanese Society of Chemotherapy Committee on guidelines for treatment of anaerobic infections; Japanese Association for Anaerobic Infection Research.
Chapter 2-12-4. Anaerobic infections (individual fields): tetanus, J. Infect. Chemother. 17 (Suppl 1) (2011) 125-132, https://doi.org/10.1007/510156-010-
0157-2.

[18] L. Winter, L.A. Wong, C. Jerums, et al., Use of readily accessible inflammatory markers to predict diabetic kidney disease, Front. Endocrinol. 9 (2018) 225,
https://doi.org/10.3389/fendo.2018.00225.

[19] B. Celik, H. Nalcacioglu, M. Ozcatal, et al., Role of neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte ratio in identifying complicated appendicitis in
the pediatric emergency department, Ulus Travma Acil Cerrahi Derg 25 (3) (2019) 222-228, 10.5505/tjtes.2018.06709.

[20] S. Rashtak, X. Ruan, B.R. Druliner, et al., Peripheral neutrophil to lymphocyte ratio improves prognostication in colon cancer, Clin. Colorectal Cancer 16 (2)
(2017) 115-123.e3, 10.1016/j.clcc.2017.01.008.

[21] Verena Staedtke, Ren-Yuan Bai, Kibem Kim, et al., Disruption of a self-amplifying catecholamine loopreduces cytokine release syndrome, Nature 564 (7735)
(2018) 273-277, https://doi.org/10.1038/s41586-018-0774-y.

[22] S.J.Kim, R.P. Davis, C.N. Jenne, Platelets as modulators of inflammation, Semin. Thromb. Hemost. 44 (2) (2018 Mar) 91-101, https://doi.org/10.1055/5-0037-
1607432.

[23] J.Q. Yap, S. Mahadev Bhat, O.A. Ramirez Ramirez, et al., TNF-A reduces the maximum respiratory capacity of mitochondria in human airway smooth muscle
cells, FASEB J 36 (Suppl 1) (2022), https://doi.org/10.1096/fasebj.2022.36.51.R2260.

[24] A. Harrois, O. Huet, J. Duranteau, Alterations of mitochondrial function in sepsis and critical illness, Curr. Opin. Anaesthesiol. 22 (2) (2009) 143-149, https://
doi.org/10.1097/AC0.0b013e328328d1cc.


https://doi.org/10.1016/j.heliyon.2023.e23487
https://doi.org/10.1017/S1049023X17000012
https://doi.org/10.1017/S1049023X17000012
https://doi.org/10.1007/s10096-017-2954-3
http://refhub.elsevier.com/S2405-8440(23)10695-5/sref3
http://refhub.elsevier.com/S2405-8440(23)10695-5/sref3
https://doi.org/10.5414/cnp73064
https://doi.org/10.5414/cnp73064
http://refhub.elsevier.com/S2405-8440(23)10695-5/sref5
http://refhub.elsevier.com/S2405-8440(23)10695-5/sref5
https://doi.org/10.1056/NEJM197312132892408
https://doi.org/10.1016/S0140-6736(18)33131-3
http://refhub.elsevier.com/S2405-8440(23)10695-5/sref8
http://refhub.elsevier.com/S2405-8440(23)10695-5/sref8
https://doi.org/10.1186/s12889-017-4111-4
https://doi.org/10.1186/s12879-021-05935-w
https://doi.org/10.1186/s12879-021-05935-w
http://refhub.elsevier.com/S2405-8440(23)10695-5/sref11
http://refhub.elsevier.com/S2405-8440(23)10695-5/sref11
https://doi.org/10.1016/j.jclinane.2018.05.013
https://doi.org/10.1186/s13613-017-0333-y
https://doi.org/10.1186/s13613-017-0333-y
https://doi.org/10.4269/ajtmh.19-0720
https://doi.org/10.1186/1471-2377-5-2
https://doi.org/10.1016/S0140-6736(14)60236-1
https://doi.org/10.1016/S0140-6736(14)60236-1
https://doi.org/10.1007/s10156-010-0157-2
https://doi.org/10.1007/s10156-010-0157-2
https://doi.org/10.3389/fendo.2018.00225
http://refhub.elsevier.com/S2405-8440(23)10695-5/sref19
http://refhub.elsevier.com/S2405-8440(23)10695-5/sref19
http://refhub.elsevier.com/S2405-8440(23)10695-5/sref20
http://refhub.elsevier.com/S2405-8440(23)10695-5/sref20
https://doi.org/10.1038/s41586-018-0774-y
https://doi.org/10.1055/s-0037-1607432
https://doi.org/10.1055/s-0037-1607432
https://doi.org/10.1096/fasebj.2022.36.S1.R2260
https://doi.org/10.1097/ACO.0b013e328328d1cc
https://doi.org/10.1097/ACO.0b013e328328d1cc

Y. Wang and L. Zhang Heliyon 10 (2024) e23487

[25] X. Wen, L. Tang, R. Zhong, et al., Role of mitophagy in regulating intestinal oxidative damage, Antioxidants 12 (2) (2023) 480, https://doi.org/10.3390/
antiox12020480, 14.

[26] C.Y. Wang, Y. Deng, P. Li, et al., Prediction of biochemical nonresolution in patients with chronic drug-induced liver injury: a large multicenter study,
Hepatology 75 (6) (2022) 1373-1385, https://doi.org/10.1002/hep.32283.

[27] R.D. Nass, R. Sassen, C.E. Elger, et al., The role of postictal laboratory blood analyses in the diagnosis and prognosis of seizures, Seizure 47 (2017) 51-65,
https://doi.org/10.1016/j.seizure.2017.02.013.


https://doi.org/10.3390/antiox12020480
https://doi.org/10.3390/antiox12020480
https://doi.org/10.1002/hep.32283
https://doi.org/10.1016/j.seizure.2017.02.013

	Risk assessment of severe adult tetanus using the NLR and AST level and construction of a nomogram prediction model
	1 Introduction
	2 Participants and METHODS
	2.1 Study participants
	2.2 Study methods
	2.3 Statistical methods

	3 Results
	3.1 General data
	3.2 Univariate logistic regression analysis
	3.3 Multivariate logistic regression analysis
	3.4 Construction of a nomogram prediction model and performance evaluation

	4 Discussion
	Funding
	Ethical approval
	Data availability statement
	CRediT authorship contribution statement
	Declaration of competing interest
	Appendix A Supplementary data
	References


