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Sepsis: an old disease but a new WHO global health priority 2018 was declared the "Semmelweis year" to pay tribute to Ignaz Semmelweis, born in 1818, who was the first to experimentally demonstrate that puerperal fever, a sepsis which was killing women after childbirth, was a preventable contagious disease (figure 1). In 1847, in his hospital in Vienna, it was common that medical students went to the maternity ward after performing dissection on cadavers to learn anatomy. Semmelweis ordered them to wash their hands and nails with calcium chloride to get rid of the awful odor of putrefaction that accompanied them. His intervention led to a decrease in the rate of mortality from 16 % to less than 1 %. Semmelweis observed a clinical problem, conceived a hypothesis, carried out a prophylaxis, and solved the problem. However, he failed to convince the medical nomenklatura. Indeed, it took a while before doctors admitted that their hands could be the source of so much distress, although quite a few, even before Semmelweis, had admitted to be the means of contamination. This awareness was recorded by Alexander Gordon (Aberdeen, 1795), John Thomas Ingleby (Birmingham, 1838), and Robert Storrs (Doncaster, 1842) in the UK, and in the USA by Oliver W. Holmes (Boston, 1843) (Table 1). Like Lucrezia Borgia in 1519, many women died of sepsis after delivery, and from time to time severe epidemics broke out in all major European cities. Putrid fever, also called hospital gangrene or hospital fever, was another form of sepsis that was killing wounded soldiers that were admitted to the hospital. In 1810 Alexandre François Ollivier, a physician accompanying Napoleon's campaign, injected himself with the pus from a wound of a severely injured soldier who was dying from putrid fever. By injecting himself he demonstrated, for the first time, that putrid fever was contagious. In 1854 Florence Nightingale introduced sanitary practices, including hand washing, in her hospital ward located in the barracks of Scutari (Turkey) during the Crimean war. Her practices reduced the rate of infection and rate of mortality in her hospital. Back in London, facing an epidemic of puerperal fever in 1867, she listed the lack of cleanliness as a risk factor and again advocated for the institution of rules stressing hygiene. In 1858, Armand Trousseau concluded that puerperal fever and hospital fever were the same disease.

Unfortunately, sepsis remains a contemporary threat as an estimated 5.3 million people, worldwide, die of sepsis every year (Ref. [START_REF] Fleischmann | Hospital Incidence and Mortality Rates of Sepsis[END_REF]. During the beginning of the 21 st century the frequency of sepsis increased, while the mortality rate decreased (Ref. 2). In developed countries, the increasing frequency reflects an increasing aging population since the occurrence of sepsis is higher in ≥ 65 year olds, and of note is seen more frequently in men than in women (Ref. [START_REF] Fleischmann | Hospital Incidence and Mortality Rates of Sepsis[END_REF][START_REF] Mcpherson | Sepsisassociated mortality in England: an analysis of multiple cause of death data from 2001 to 2010[END_REF]. Nevertheless, prevalence and mortality of neonatal sepsis remains high. In 2015 it was the 15 th highest cause of mortality worldwide with an estimate of 325,000 newborn deaths in Africa. Surviving sepsis is dependent on early (Ref. [START_REF] Kumar | Duration of hypotension before initiation of effective antimicrobial therapy is the critical determinant of survival in human septic shock[END_REF] administration of appropriate (Ref. [START_REF] Valles | Community-acquired bloodstream infection in critically ill adult patients: impact of shock and inappropriate antibiotic therapy on survival[END_REF] antibiotics . The rate of mortality of sepsis is around 25 %, and the rate of mortality in septic shock can be greater than 50 %. Survivors may suffer post-sepsis symptoms such as neuromuscular weakness, chronic pain, post-traumatic stress disorder, cognitive impairment, and depression. Altogether sepsis is a heavy financial burden to insurance systems. The mean hospital-wide cost of sepsis is estimated to be $32,421 per patient [START_REF] Arefian | Hospital-related cost of sepsis: A systematic review[END_REF], with a total expenditure of $14.6 billion being spent on sepsis treatments in the USA in 2008. On May 24 th , 2017 the WHO voted for a resolution that recognized sepsis as a major threat to patient safety and global health. Each member state of the WHO was invited to take measures favoring the prevention, diagnosis, and management of sepsis, to minimize antimicrobial resistance, and to increase the awareness of the public, political leaders, and leaders of healthcare systems [START_REF] Reinhart | Recognizing Sepsis as a Global Health Priority -A WHO Resolution[END_REF]. Most importantly, sepsis is a syndrome and not a disease. Extremely different types of severe infections are qualified as sepsis. This is true independently of: the route of infection (lungs, peritoneal cavity, urinary tract, blood via catheter, skin, etc.), the type of microbes (Gramnegative, Gram-positive, mixed, antibiotic resistance, virulence factors, etc.), and the patient's comorbidities (malignancy, diabetes, obesity, etc.).

As previously mentioned, the rate of sepsis mortality has decreased. This is mainly the consequence of improved health care in intensive care units. Unfortunately, it does not reflect the introduction of new therapies or a better understanding of the physiopathology emanating from pre-clinical studies. This failure in progress is not form a lack of clinical trials undertaken after the discovery of successful approaches in animal models. For more than 30 years, wildly successful therapeutic regimens have been published in journals with the highest impact factor, mainly reporting the survivals of mice. However, very few humans have ever benefited from these promising approaches. This failure of translational research should alarm the medical and scientific communities. It should encourage them to avoid perpetuating costly experimental animal investigations and the even costlier post hoc clinical trials without modifying the paradigms. Even though numerous articles have already been published proposing explanations for these failures (Ref. 8 , 9), no major changes have been adopted!

A question of definition

In 1837 Pierre Piorry (1794-1879), a French physician who invented a method to investigate internal organs using percussion, coined the word septicemia from the Greek words sepsis (putrefaction) and aima (blood) (Ref. 10). Septicemia was clearly defined as an alteration of the blood by putrid or septic matters. Of course, it was unclear how this alteration could occur as only the concept of miasma could explain the contamination. Similarly, the nature of this alteration was unclear, but it had been demonstrated earlier (1822-1823) by Bernard Gaspard (1788-1871) and François Magendie (1783-1855) that the injection of purulent materials could kill animals (dogs, sheep, pigs, and foxes) in contrast to their administration per os (Ref. 11,[START_REF] Magendie | Quelques expériences sur les effets des substances en putréfaction[END_REF]. Following the discovery by Louis Pasteur that bacteria were the ferments of putrefaction (Ref. [START_REF] Pasteur | Recherches sur la putréfaction[END_REF]), the definition for septicemia proposed in 1882 included their involvement: "Our goal is to study the pathogenesis of infectious diseases in which certain microbes are suspected or demonstrated to constitute the toxic agents. As it is in the blood that it is most often necessary to search these microscopic organisms and that among all our humors, it is the blood which bears the main shock, it is logical to categorize all the diseases in question under the common name of septicemia" (Ref. [START_REF] D'ardenne | Les microbes, les miasmes et les septicémies : étude des doctrines panspermistes au point de vue de la pathologie générale et de la clinique[END_REF]. But already by the end of the nineteenth century (1886), the term septicemia became vaguer and was used to designate "febrile disorders accompanying a more or less inflamed (but not necessarily putrid) condition of wounds, in which no metastatic suppuration occurred, and in which indeed, the autopsy furnished only negative results to the naked eye" (Ref. [START_REF] Van Arsdale | On the present state of knowledge in bacterial science in its surgical relations. C-Sepsis[END_REF]. Early in the introduction of the term sepsis, septicemia was utilized as a subset of (Ref. 16): "I must strictly limit the term "sepsis" to its usual definition, the probability of a patient who has undergone an operation, or of a woman who has been recently delivered, being attacked by a disease arising from putrefaction or fermentation. And I refer to those diseases which may find entrance into the body by either the subcutaneous or general connective tissue or through bone; such, for example, as septicaemia, pyaemia, puerperal fever, erysipelas, or gangrene." (1889). The same author wrote an interesting opening about bacterial poisons: "It will probably be allowed that sepsis, under whatever guise it manifests itself, is induced either by the introduction into the body of a morbific microbe and its action within the body, or that it is due to the chemical products produced by a morbific microbe in the body it has invaded." In 1991In , 2001, and 2016 specialists in the field of sepsis gathered to redefine the term sepsis. After being considered as an infectious systemic inflammatory response syndrome (SIRS) (Ref. [START_REF] Bone | Definitions for sepsis and organ failure and guidelines for the use of innovative therapies in sepsis. The ACCP/SCCM Consensus Conference Committee. American College of Chest Physicians/Society of Critical Care Medicine[END_REF][START_REF] Levy | International Sepsis Definitions Conference (2003) 2001 SCCM/ESICM/ACCP/ATS/SIS International sepsis definitions conference[END_REF], sepsis is nowadays defined as "a life-threatening organ dysfunction caused by a dysregulated host response to infection."

The main difficulties with sepsis are its definition and its criteria since sepsis is not a single disease but rather an umbrella term for a set of symptoms that accompanying infection. However, it is commonly agreed that a definition of sepsis is required for both clinical diagnosis and management, and for the conduction of clinical trials. Before 1980 it was usually defined as bacteremia and shock. In 1991 the American College of Chest Physicians/Society of Critical Care Medicine held a consensus expert's conference to 'provide both a conceptual and a practical framework to define the systemic inflammatory response to infection, a progressive, injurious process that falls under the generalized term "sepsis" and includes sepsis-associated organ dysfunctions as well (Ref. 17). The definitions were coined based on the opinions of the experts and the current understanding of the sepsis pathobiology as being mostly a cytokine-driven inflammatory disease. Sepsis was defined as a systemic response to infection with the presence of at least two criteria of the systemic inflammatory response syndrome (SIRS). Severe sepsis was defined as sepsis associated with organ dysfunction, hypoperfusion, or hypotension. Septic shock was defined as sepsis-induced hypotension despite adequate fluid resuscitation. These terms created a continuum of the response to infections of increasing severity. The origin of this approach stems from the signs of SIRS and it was recognized that SIRS also often occurs due to noninfectious causes in critically ill patients. It is worth noting that this 'Sepsis-1' consensus was an attempt to provide a criteria that would be useful for the design of clinical trials.

Ten years later, despite the broad use of the Sepsis-1 criteria in clinical research, it has been recognized that the bedside application of this strict criteria was poor, and so the 2001 International Sepsis Definitions Conference was organized (Ref. [START_REF] Levy | International Sepsis Definitions Conference (2003) 2001 SCCM/ESICM/ACCP/ATS/SIS International sepsis definitions conference[END_REF]. Experts continued to use the definitions from 1991, and although the concept of SIRS was kept, several weakness of this approach were recognized. Due to the limitations of the original SIRS criteria, the list of its signs was extended to 'Sepsis-2'. More attention was also paid to defining organ dysfunction and an interesting idea for staging sepsis was suggested. It was then when the application of the PIRO (predisposition, injury, response, organ dysfunction) concept was proposed. 'Sepsis-3' definitions were presented as a response to the burning need to reevaluate the existing definitions (Ref. [START_REF] Singer | The third international consensus definitions for sepsis and septic shock (Sepsis-3)[END_REF]). Sepsis was defined as a life-threatening organ dysfunction caused by a dysregulation in the host's response to infection. The term severe sepsis was decided to be no longer useful. Septic shock was defined as a subset of sepsis in which underlying circulatory, and cellular/metabolic abnormalities were profound enough to substantially increase mortality. This time a substantial shift in the paradigm happened. The new definitions, although not very specific, recognize the complexity of sepsis pathobiology and also brought to the center the harm caused by the host's responses.

While the components of SIRS can actually be a part of an adaptive response (e.g. tachycardia or fever), the Sepsis-3 definitions highlight the harmful responses. For the first time, in order to provide a criteria to identify patients with sepsis, the consensus was preceded with a huge analysis of electronic health records to identify symptoms that were related to an increased risk of patients developing sepsis. This effected the recommendation of using the increase in the SOFA score or qSOFA to identify patients with suspected infection who are at risk of an unfavorable outcome. However, 'Sepsis-3' criteria are not aimed at the recognition of infection. Septic shock can be identified in patients with sepsis and persisting hypotension requiring vasopressors to maintain mean arterial pressure ≥ 65 mmHg and having serum lactate level > 2 mmol/L.

Puerperal fever as an example of septicemia and the works of Ignaz Semmelweis

The first recorded epidemic of puerperal fever occurred at the Hôtel Dieu Hospital in Paris in 1646. Since many epidemics happened around the world some famous doctors, particularly in UK where, claimed that is was a contagious disease and that the hands of the practitioners were the culprits (table 1). It was in 1847 that the demonstration of the veracity of this contagion was made. But this did not mean that the demonstration was immediately accompanied by the adaptation of mitigating measures by the whole medical community. For decades, thousands of women would continue to die worldwide after delivery, because of a preventable infectious disease that was propagated by the hands of their doctors. At the General Hospital in Vienna, Austria, a Hungarian doctor, named Ignaz Semmelweis (1818-1865) had been appointed assistant (Ref. 20). He was under the authority of the Head of the Maternity Department, Johann Klein (1788-1856), who was reluctant at accepting new ideas.

Semmelweis was troubled by the death of one of his friends, Dr. Jakob Kolletschka (1803-1847), who died of sepsis after being wounded by a scalpel that had been used during the autopsy of a corpse. Semmelweis noted that the clinical manifestations that preceded the death of his friend were quite similar to the events that accompany the death of women after childbirth. The large Vienna General Hospital had two delivery clinics. The two maternity wards were side by side and received patients alternately every other day. There, as elsewhere, women had the risk developing and dying of puerperal fever. Until 1838 the mortality rate was the same in both clinics, ranging from 4.94 % to 8.29 % depending on the year. From 1840 on the mortality rate increased significantly in one of the maternity wards.

According to Louis Ferdinand Céline, a French writer and an MD whose medical thesis focused on the life of Semmelweis, Semmelweis swapped the staff from each clinic to the other clinic. After doing so the increased rate of death moved from one clinic to another along with the staff. This obviously did not occur, Celine had probably romanticized history a little. It is difficult to imagine that a young Hungarian doctor could have so much authority over the Viennese establishment. But what is true is that Semmelweis realized that there was a major difference between the two clinics. Since 1839 one part of the staff had been midwives, while the other was medical students. What did students do before helping women give birth? They were studying anatomy by dissecting human corpses, an activity initiated and greatly supported by Dr. Klein. Then, without washing their hands, they would go to the maternity ward to assist with childbirth. After the death of his friend, Semmelweis made the connection, while realizing that the foul smell of death followed the students from the autopsy room to the delivery room. His aim was therefore to eliminate the foul odors of putrefaction from cadavers carried by the medical students. Semmelweis recommended the use of a solution of calcium hypochlorite for washing hands and brushing nails. Semmelweis was then convinced that these deadly smells were the reflection of the presence of a cadaverous poison from which one must get rid of. It was in May 1847 that Semmelweis introduced his new rules of hygiene. The result was breathtaking, and the rate of mortality went down from almost 16 % to less than 1 %. One could have expected an admiring look, a warm welcome, or at least benevolence for this vital observation, demonstration, and this convincing result ... that saved lives. This did not happen. Semmelweis' consideration that the young Austrian students were responsible in conveying death was not received well. His contract was not renewed by Johann Klein. Back in Budapest, he was no longer accepted by the Hungarian medical corps. Yet, at St Rochus Hospital in Pest where he worked and applied his hygiene rules, he also reduced the rate of mortality to less than 1% during deliveries. Semmelweis was slow to publish his work, and did so only eleven years later in a Hungarian-language newspaper. He waited another two years before publishing in German in 1860. However, as early as 1848, Semmelweis communicated his observation in France after having transmitted a note read in to the Academy of Sciences and published on February 21 st , 1848 in their weekly reports of the sessions (Figure 2). It appears that the snippet seems to have gone almost unnoticed: M. SEMMELWEIS, Head of Clinic at the Vienna General Hospital, sent a note on puerperal fever, and on a cause, which he regards as very frequently presiding over the development of this disease.

"The frequency of puerperal fever, in some hospitals, has led several practitioners to consider this condition to be of an epidemic nature. The author of the Note does not share this opinion. He thinks that the disease does not reign equally in all delivery services, but that it predominates in those where are working medical students who are involved in dissections.

Formerly, he says, medical and midwifery students were distributed in the two delivery clinics that exist at the Vienna Grand Hospital; the disease reigned in both departments with equal intensity. From 1836, the first clinic was assigned to medical students, the second reserved exclusively for student midwives. From that day there was an enormous difference between the two services in mortality, and this difference was maintained until May, 1847, when measures were prescribed. The success of which seemed to prove that the true cause of evil had been well recognized. The author notes that, in the nine months since then, the lowest mortality figures have been observed during the worst winter months, those when students handle more dissections. In fact, he regards the puerperal fever of the hospices as being, in many cases, the result of a contagious infection produced by cadaveric elements. According to him, the use of simple water or soap water is not sufficient to completely destroy the deleterious substances that remain attached to the epidermis of the hands; but ablutions performed with a concentrated solution of lime chloride protect from any chance of infection."

Despite the unfavorable opinion of the medical "establishment", some of Semmelweis' colleagues and friends contributed to the dissemination of his work. In December 1847, the year of his observation, his friend Ferdinand von Hebra (1816-1880), a dermatologist at the General Hospital, told the Society of Physicians in Vienna: "Dr. Semmelweis realized ... pregnant women in childbirth may be infected by the birth attendant himself ... puerperal fever was nothing more than cadaveric infection." Charles Henry Felix Routh (1822-1909), his former pupil sent a communication that was read in London in front of the medicalsurgical society in November 1848. Interestingly, he recalled that similar situations have been reported in the maternity hospitals in Prague and Strasbourg. In Kiel, the rate of mortality was so acute that Prof. Gustav Adolf Michaelis (1798-1848), after considering to close his maternity ward, applied the rules enacted by Semmelweis. Prof. Michaelis had a great success having only a single death over a period of several months. However, the prevailing hypothesis was that inflammation was more likely to be the result of the harsher manipulations performed by men as compared to midwives. Moreover, the absence of contagiousness was corroborated by the fact that midwives never caught the disease and that the unhealthier, dirtier environments of some of the maternity wards had to be the cause of the occurrences of puerperal fevers. Except that in Vienna, the care of the premises and the immediate environment were strictly identical in the two maternity wards. Joseph Skoda (1805-1881), a great patron of medicine in Vienna, charged at the time by the Minister of Education to reorganize medical education, presented on 18 October 1849 the work of Semmelweis before the Vienna Academy of Sciences. His communication did not appear to be totally in support of Semmelweis, but more of an opportunity for him to settle accounts with Johann Klein, the head of the maternity ward. The two doctors where in a power struggle. Much more favorable, were the presentations made by Franz Hector Arneth (1818-1907). The latter was a former head of the clinic of the maternity ward of Vienna which he left in November 1850. He communicated successively in front of the French Academy of Medicine on January 7, 1851, and the Medico-Surgical Society of Edinburgh on April 16, 1851. Arneth spoke of Semmelweis as a "wise observer," and presented the actions required to eliminate cadaver miasma. He also recalled the similarities of situation observed in Strasbourg and in Pavia, and mentioned the successes obtained in Kiel by Prof. Michaelis after introducing the rules developed by Semmelweis. Unfortunately, the success achieved by Prof. Michaelis was too late, and the German doctor committed suicide in 1848, haunted by being the cause of so many deaths. Thus, in the years following his discovery, Semmelweis himself contributed very little to the dissemination of his own ideas, except perhaps the communication that he himself transmitted to the French Academy of Sciences. On the other hand, his colleagues and friends shared his works earlier. It was not until 1861 that Semmelweis gathered his works, his analysis, his statistics, and his figures into a German language book. Finally, making his work accessible to a greater number of people. The analysis of this book was reported the following year by Drs. Eugène Follin (1823-1867) and Charles Lasègue (1816-1883) in their journal, "The General Archives of Medicine". Unconvinced by his demonstration, they wrote: "Here is an informative and curious book less because of what it teaches us about puerperal fever than because it teaches us about the differences in medical statistics. [...] This time, it's a doctor, authorized by his position, by his special knowledge [...] which compiles the figures, combines them, and interprets them, and who, in the name of their autocracy, promulgates a new theory of puerperal fever. "If afterwards our good doctors report factually the contents of the book, to conclude, they carry the final thrust in a subtle language that is little practiced nowadays: "Our formal opinion, based on a sad experience of the disease, is far from favorable to the exclusive theory that does not propose, but affirms Dr. Semmelweis [...] We do not hesitate to take rank among the criticisms to which the honorable professor widely blames. Like all the writers of fiery controversies, he calls the discussion, but when it has come, he does not tolerate or refute it, his defense of his doctrines resembles the pamphlets of the Middle Ages, where the use of Latin excuses the most violent apostrophes ". Doubtless, the cantankerous character of Semmelweis did not help him in passing his message peacefully. He blamed all his colleagues and he lost his mind. We would like to believe Céline who considers his death as a suicide after he deliberately inoculated himself with the cadaveric poison from a scalpel that was used during the dissection of a corpse. In fact, with the complicity of his wife Maria, 20 years younger than him, and Prof. Hebra, Semmelweis was interned in an insane asylum while he was passing through Vienna en route to the spa water town of Gräfenberg on July 31 st , 1865. From his time spent in this asylum, only recently his detailed medical information has been released, including those of his autopsy. Ironically, at the age of 47, Semmelweis died on the evening of August 13, 1865, from sepsis, the pathology that he had fought much of his life. He was autopsied at the Vienna General Hospital, where he had practiced, and his death by blood poisoning was confirmed. But this sepsis was the consequence of a large number of untreated wounds, broken bones, and altered lung function. In brief, he had been beaten to death and left without treatment. Was his death a conspiracy, a murder, or an accident? When he was first buried in Vienna there were few that attended his burial. Even his wife was not present, and only a friend from Budapest made the trip. But his fiercest enemy Carl Braun, attended the funeral. Subsequently, his body was transferred to Budapest's Kerepesi Cemetery in 1891, before being transferred again in 1964 to Taban to the courtyard of his birthplace.

The link between sepsis and bacteria

Before, the link between sepsis and bacteria could was demonstrated, there were a lot of suspicions about the role of miasma. Doctors such as John Leake (1729-1792) in 1772 or Charles White (1728-1813) in 1773 considered that the malignant constitution of the environmental air caused puerperal fever. But the most interesting and pertinent statement was made by John Pringle (1707-1782) who claimed in 1775 "I conceive that the miasma or septic ferment (consisting of the effluvia from putrid substances) being received into the blood may have a power of corrupting the whole mass" (Ref. [START_REF] Pringle | Observations on the diseases of the army[END_REF]).

On April 17, 1857, Stéphane Tarnier (1828 -1897) defended his medical thesis on his "Researches on the puerperal state and the diseases of women in childbirth", at the Maternity Hospital in Paris (Port-Royal). After having conducted his own investigations, he concluded that puerperal fever was contagious. In France, very few believed it. He favored the concept of contagious miasma, and he was reluctant to admit that the doctors could transmit the disease, arguing there was not enough proof. In addition, Tarnier offered a basis for future work. He demonstrated that the fluid taken from the peritoneal cavity of women who died after child birth had the presence of a putrid poison that could transmit death when injected into dogs or rabbits. Most interestingly, the concept of putrid poison was later proposed by Peter Ludvig Panum (1820 -1885), a Danish physiologist and pathologist. In 1874 he showed that his "putrid poison" led to symptoms and signs similar to those observed in sepsis. Although he first rejected the possibility that bacteria could play a causative role, he finally hypothesized that "putrid poison" could be a bacterial product. In 1892 Nikolaï F. Gamaleïa (1859 -1949) gathered his ideas into a book entitled "Les poisons bactériens", clearly stating that these poisons were derived from bacteria.

In 1849 Semmelweis was succeeded by Carl Braun (1822-1891) as assistant at the maternity clinic of Vienna General Hospital. By November 1856, Braun was called to succeed Johann Klein as professor of obstetrics. In 1863, sixteen years after the contribution of Semmelweis, Braun encouraged his young assistant, Carl Mayrhofer (1837 -1882) to confirm that airborne organisms (miasma) were the source of childbed fever. Such a conclusion was reached and published in 1863 by Mayrhofer (Ref. 22). But after having convinced his supervisor to provide him with a good microscope, Mayrhofer had different thoughts. Two years later, he reported in the uterine discharges of more than 100 patients, the presence of microorganisms, he called "vibrios". He injected these vibrios into the genitals of newly-delivered rabbits, causing disease and death (Ref. [START_REF] Mayrhofer | Zur Frage nach der Aetiologie der Puerperalprocesse[END_REF]. Most interestingly, in his paper, Mayrhofer never referred to Semmelweis previous work. Although his demonstration did not establish that Semmelweis was right, it was supportive of the notion that the disease was associated with bacterial contamination and could be transmitted by bacteria.

Another major contribution was achieved by two Alsatian doctors, Victor Feltz (1835-1893) and Léon Coze (1819-1896). Between 1866 and 1867, they published numerous studies in the Gazette Médicale de Strasbourg, all aimed at demonstrating the presence of bacteria in the blood of patients with severe infectious diseases (Ref. [START_REF] Coze | Recherches expérimentales sur la présence des infusoires et l'état du sang dans les maladies infectieuses[END_REF]. The experiments were all similar, namely they involved injecting the blood of patients into rabbits, and monitoring the survival of the animals. Between 18 hours and 8 days after the subcutaneous injection of the blood of a patient who died of typhoid fever, 90 % of the 31 rabbits died. It took between 10 hours and 3 days for 100 % of the 32 treated rabbits to die after being injected with the blood or the pustule content of a patient who died of smallpox. All the rabbits developed fever, and the blood of all the rabbits contained the pathogens. In the same way, fever and death were consecutive after the injection of blood from patients with pneumonia, erysipelas, and scarlet fever. Feltz and Coze taking the blood of a rabbit initially injected with the blood of a patient with scarlet fever, and injecting it into a new rabbit induced death again. They repeated this transfer thirteen times inducing death from one rabbit to another, and established the increase in virulence. The first rabbit died 11 days after the injection, and the thirteenth rabbit died in only 18 hours after injection. In 1869 they performed the same kind of experiment with the blood of a 26-year-old woman who died of puerperal fever (Ref. [START_REF] Coze | Recherches expérimentales sur la présence des infusoires et l'état du sang dans les maladies infectieuses[END_REF]. Of the 18 rabbits that received subcutaneous blood from the patient, 15 died in less than 6 days. Their blood displayed many biochemical changes, and their lungs, kidneys, and spleens showed profound alterations similar to those observed in the tissues of the septic patients. Once again, the blood of the treated rabbits itself was contagious, and could induce death if it was injected into a healthy rabbit. But neither Coze nor Feltz were microbiologists. Indeed, in 1869, this specialty did not really exist. They turned to Charles Louis Engel (1821-1880), an Alsatian doctor, assistant librarian at the Faculty of Medicine in Strasbourg who was then doing his scientific studies in Paris to obtain a doctorate in Sciences, and who would later became a professor of Botany. Engel described and confirmed the nature of bacteria, most likely streptococci. But the word "Streptococcus" was only coined in 1877 by Theodor Billroth (1829-1894), an Austrian surgeon, combining the Greek words streptos meaning crooked, and kokkos meaning bay. But Feltz, Coze, and Engel missed a major discovery that would have advanced medicine by nearly 60 years. Our Alsatian doctors noted that some of the tubes transmitted to Engel had been broken, and that a contamination with penicillium spores had occurred. They noted that whenever this microscopic fungus was present, no bacteria had grown! The Franco-Prussian war of 1870-71 ended with a French defeat and France had to yield Alsace to Prussia. Our two deeply French Alsatian migrated to the Faculty of Medicine of Nancy, after becoming distinguished doctors in the army even being awarded the Legion of Honor. Ten years after their first discovery, Feltz republished a similar observation on March 17, 1879 (Ref. 26). In this experiment the blood of the patient with puerperal fever was transferred to a guinea pig which died, and Feltz referred to a bacterium he called Leptothrix 

Conclusions

Never, in the field of sepsis has a major breakthrough allowed for the saving of as many lives, than the contribution made by Ignaz Semmelweis. Rarely in the history of medicine has a pioneer not been recognized during his lifetime. The fight against sepsis is not over. Despite the new definitions of sepsis, the proposals to improve the animal models (Ref. 32), the progresses made in understanding the pathophysiology of sepsis, the advances in technology, and the trends to favor personalized medicine there is very little chance that a similar breakthrough will be achieved soon that will improve the outcome of sepsis patients. The unfair and unbalanced competition between the egos of the past protagonists should be recognized when recalling the history of the fight against sepsis. The legacy of famous or less famous contributors should be acknowledged. As Alexander von Humboldt (1769 -1859), the great explorer stated: "The frequent sequence of reactions to an important discovery is first a denial of its veracity, then a denigration of its importance, and finally usurpation of credit for it."

The fight against microbes is not over, and the increasing frequency of antibiotic resistant strains (Ref. [START_REF] Alicino | Trends in the annual incidence of carbapenem-resistant Klebsiella pneumoniae bloodstream infections: a 8-year retrospective study in a large teaching hospital in northern Italy[END_REF][START_REF] Martelius | Nosocomial bloodstream infections caused by Escherichia coli and Klebsiella pneumoniae resistant to third-generation cephalosporins, Finland, 1999-2013: Trends, patient characteristics and mortality[END_REF], and the recent description of strains resistant of hand sanitizing alcohols (Ref. [START_REF] Pidot | Increasing tolerance of hospital Enterococcus faecium to handwash alcohols[END_REF]) are just as terrifying. Let's hope that the statement by Dr Keiji Fukuda, assistant director-general of WHO for Health, Security, and Environment (2010-2016) will not happen: "Without urgent, coordinated action by many stakeholders, the world is headed for a post-antibiotic era in which common infections and minor injuries, which have been treatable for decades, can once again kill" 

  puerperalis. But this time, the communication was made in front of the Academy of Sciences in Paris, a way of communicating probably less confidential than the Medical Gazette of Strasbourg in which they had published their first observation ten year earlier.The Work of Louis PasteurIn 1828 when Christian Gottfried Ehrenberg (1795 -1876) coined the word "bacterium", he listed six different bacteria he called "vibrios". Thirty-five years later, in 1863, when Louis Pasteur published his work on putrefaction, he associated these six "vibrios" mentioned by Ehrenberg as the ferments of putrefaction (Ref.[START_REF] Pasteur | Recherches sur la putréfaction[END_REF]). This work was key in the development of the germ theory, after so many years spent on fighting the concept of spontaneous generation.The day following Feltz's communication at the Science Academy, on March 18, 1879, Louis Pasteur presented in front of the Academy of Medicine. He demonstrated the presence of bacteria in the blood and pus of two women who died of puerperal fever that he obtained from Dr. Edward Hervieux from the maternity ward of the Port-Royal hospital.Pasteur suggested the need to clean the genital tract of the mothers with 4 % boric acid, which he knew to be safe for the mucosa, to prevent further infectious processes and contagiousness. But Pasteur considered that Feltz was wrong and that his patient actually died from anthrax! To demonstrate this he obtained more patient blood samples from Feltz, and used them to infect a guinea pig. Additionally, he infected two other guinea pigs, one with the anthrax bacillus from Chartres, and the other with an anthrax bacillus from the Jura.Pasteur then sent the three infected guinea pigs to Nancy by train. Feltz received the animals and was then able to see that all three guinea pigs were dying in the same way. With this observation Feltz made amends and acknowledged (in a note before the Academy of Sciences, Ref. 27) that Pasteur was right, and said how much he regretted his ignorance of the bacillus of anthrax. The provincial doctor bowed to the Master. In reality, the experiment was not particularly demonstrative. It is difficult to believe that Feltz's patient, who died of puerperal fever was in fact contaminated by anthrax, a bacterium that at the time had never been reported in the area around Nancy! The prestige of the Master was such that the works of Feltz and Coze conducted 10 years before those of Pasteur, remained in the archives of the Medical Gazette of Strasbourg. It was 130 years before their major contribution would be recognized (Ref. 28). (Ref. 28). Pasteur drove the final nail in the coffin the following year. In 1880, after having obtained samples of puerperal fever patients from the maternity hospitals of Port Royal, Lariboisière, and Cochin he communicated in front of the Academy of Sciences his conclusions that the 7 patients, did not have a single specific germ that caused these infections (Ref. 29). About the only surviving patient, Pasteur stated: "Natura medicatrix won the victory." These words are particularly relevant today. For the past thirty years no new therapeutic approach has been added to the arsenal of treatments for the management of sepsis patients, despite the many works that has saved thousands of little mice. Probably, instead of fighting Nature, we should better try to understand how it is set up, and to help it rather than oppose it. Jacques Amédée Doléris (1852-1938), former internist at the Maternity Hospital of Cochin, worked with Pasteur from 1878 to 1881 to devote himself to the microbiology of puerperal fevers, and he studied more than 40 postpartum women in search of the identity of the culprit germ. He concluded with Pasteur that there was not a single germ, but a predominant microorganism, a diplodococcus, probably the Billroth streptococcus that caused puerperal fevers. Of course, the consequences of Pasteur's works on germs were determinant in allowing major progresses in surgery. In 1861, 45-50 % of amputation patients died from sepsis. In 1865, Joseph Lister (1827 -1912) learned of Pasteur's theory that microorganisms cause infection. Using phenol as an antiseptic, he reduced mortality in his ward to 15 % within four years. He was the founder of the modern antiseptic surgery, pioneering the use of carbolic acid together with heat-sterilization of surgical instruments. Through these methods, he was able to dramatically reduced the number of post-operative deaths due to infection (Ref. 30).Patients with puerperal fever were the first ones to be treated with antibiotics. In London, in 1936, LéonardColebrook (1883Colebrook ( -1967) ) (Ref. 31) reduced mortality by using sulfamidochrysoïdine (patented under the name protonsil). Sulfamidochrysoïdine was discovered by GerhardDomagk (1895Domagk ( -1964) ) for which he got the Nobel Prize for in 1939.Unfortunately, the Nazis prevented him from accepting it due to their furious reaction that such a price, specifically the one for peace(1935), could be awarded to Carl von Ossietzky (1889-1938), an opponent of the regime. In response, the Nazis had passed a law forbidding any German citizen to accept a Nobel Prize! In was not until 1947 that Domagk finally receive his prize, albeit without the money which devaluated in the meantime! So, Colebrook had treated 38 women with antibiotics against puerperal fever. All but three survived. This low rate of mortality (8 %) was much lower compared to the 22 % rate of mortality observed between 1931 and 1934 in the same hospital. Jacques Tréfouël, who was to become the director of the InstitutPasteur from 1940 to 1964, Thérèse Tréfouël (1892-1978), and their collaborators Daniel Bovet and Federico Nitti at the Institut Pasteur discovered that the protonsil could be split into two molecules. After having sought to obtain the molecule from their German colleagues, who refused to give it to them, they synthesized it and showed that it was the non-colored portion that carried the active moiety. But this active molecule, sulfanilamide had been already known since 1906, and its patent has since expired! Thus, the largest and the smallest pharmaceutical companies began producing it. And, in September 1937, S. E. Massengill Company in Tennessee marketed the elixir sulfanilamide. The product contained 10 % sulfanilamide, 72 % diethylene glycol, 16 % water, and a little saccharine, caramel, and a pleasant raspberry fragrance. The first deaths from the elixir were reported in October 1937, and ended with a total of death count of 105 (71 adults and 34 children). The deaths were caused by the highly toxic solvent, diethylene glycol, which was used to dissolve the sulfanilamide in the elixir. Following this tragedy, the precursor of the US Food and Drug Administration (FDA) was created in 1906, launching a much larger effort dedicated to control the safety of new drugs before being authorized to be brought onto the market. But it was only in 1962, following an amendment passed by the Congress of the US, that the demonstration of the efficacy of any new drug was required.As early as 1937, in some Parisian hospitals (Pasteur Hospital, Saint Joseph Hospital, and the Hospital for Sick Children), sulfanilamide, marketed under the name Septoplix®, worked wonders in the treatment of meningitis. In 1939, in the US, another derivative, sulfapyridine (marketed as Dagenan®), was of great use in the treatment of 350 cases of pneumonia.
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 1 Figure 1. Bust of Ignaz Semmelweis made by Pál Farkas(sculptor), inaugurated in 2018 in the Garden of the Department of Obstetrics and Gynecology of the Faculty of Medicine of the University of Szeged (Hungary).
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 2 Figure 2. Facsimile of the communication of Ignaz Semmelweis sent to the French Academy of Sciences, and read on February 21 st , 1848, regarding his observation made at the Vienna General Hospital on the causes of puerperal fever.
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