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Tularemia is a highly dangerous, febrile zoonotic bacterial infection, endemic to many regions of the Northern hemisphere including Eastern Europe. The current war in Ukraine raises the risk for both natural outbreaks of tularemia resulting from destroyed infrastructure, and potential use as a weapon of war or bioterrorism. There has been a substantial history of outbreaks in prior wars in the region, and tularemia has been previously weaponized and stockpiled as an offensive agent. There are current reports of “mouse fever”, where Russian soldiers are affected with a high fever associated with mice in the battlefield. While antibiotic countermeasures to naturally occurring forms of tularemia are available, these may not be appropriate for long-term risks on the battlefield and could contribute to antibiotic resistance. At this time, there are no FDA or EMA approved tularemia vaccines, which are an ideal alternative to antibiotic prophylaxis. Vaccines have advantages in not requiring diagnosis, are generally safe and effective, leading to long-lasting prophylaxis with little impact to the patient and little need for future medical intervention. The potential for engineered forms of the disease for deliberate use may limit the effectiveness of existing countermeasures. The sporadic nature of outbreaks, and likely outcomes following deliberate use raise a number of complexities in a potential emergency response. Means to optimize potential countermeasure assessment, including responsible and effective vaccine candidate testing are discussed.
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1 Introduction

Tularemia is an acute febrile zoonotic disease caused by infection with Francisella tularensis (Ft) (Snowden and Simonsen, 2023). Ft is a highly infectious gram negative, facultative intracellular bacteria capable of spread via multiple routes. Clinical tularemia manifestations depend on the site of infection, with ulceroglandular, glandular, oculoglandular, oropharyngeal, pneumonic, and typhoidal forms described (Saslaw et al., 1961a, Saslaw et al., 1961b; Samoilova et al., 1977; Adamovicz et al., 2006). Tularemia has long been associated with warfare, developed as a biological weapon by the Soviet Union and United States, among others (Alibek and Handleman, 2000). Factors favoring its use as a bioweapon include a very low infectious dose (Saslaw and Carhart, 1961), ease of aerosolization, multiple debilitating and potentially fatal clinical syndromes, suboptimal antibiotic countermeasures and lack of effective vaccines (Adamovicz et al., 2006).

Transmission of Ft can occur many ways, described in detail elsewhere (Hepburn et al., 2018): direct contact (e.g. dressing and eating wild rabbits and wild prairie dogs kept as pets), ingestion of food and water contaminated by infected animals, bites from infected arthropods or mammals during outdoor activities, and by aerosol transmission (e.g. aerolization of infected rabbits by lawn mowing equipment). Naturally occurring tularemia outbreaks have historically risen substantially in wartime conditions. A small number of well-described examples are found the English language scientific literature. A large outbreak of tularemia occurred during the 1942 Siege of Stalingrad (Croddy and Krcalova, 2001). Tularemia outbreaks were observed following the war in Kosovo from 1998-99. After the war, a surveillance system was implemented. Within 2 months, a cluster of tularemia was identified. Case control and environmental studies were published in 2001 (Reintjes et al., 2002). In a two-month period, over 247 tularemia cases were confirmed by serology. Ft was detected in rodents, rodent fecal specimens, and well water. Studies determined that households with rodent feces in food storage, large numbers of rodents near the house, and drinking water from piped water or personal wells were at higher risk for tularemia. Homes with water sources protected from rodents were at lower risk for tularemia. A second outbreak of tularemia was described from 2001 to 2002, with 327 tularemia cases confirmed by ELISA and Western blot (Grunow et al., 2012). Recently in the Russo-Ukraine war, news outlets are reporting on “mouse fever”, a disease associated with Russian soldiers and mice (Hart, 2023).

To understand the risk, considerably more information is in the eastern European and Russian literature. Available Russian language literature shows the Soviets were well-aware of conditions leading to tularemia outbreaks in eastern Europe. Olsuf’yev and Rudnev’s 1960 book on tularemia is available in English, covering history, animal experiments, epidemiology, immunology, vaccine prophylaxis, and environmental measurement of tularemia in the USSR (Olsuf’yev and Rudnev, 1962). Olsuf’yev and Rudnev describe how severe epizootic outbreaks of tularemia were observed when Germany occupied Soviet territories:

“The increase of recorded attacks was related not only to the improved diagnosis of tularemia1, but also to an intensification of the epizootics among the rodents due to their mass multiplication. During the war in particular massive tularemia epizootics were observed in the territories temporarily occupied by the German invaders, e.g., in the Ukraine, the Stalingrad and Rostov oblasts, etc. and also in the oblasts of the forest-steppe zone of the European part of the USSR, where the agriculture work was interrupted by the war operations (Tula, Voronezh, Riazan, Orlov and Kursk oblasts and others). Tularemia was (also) observed in the contending armies, the German doctors, not acquainted with the disease, first diagnosing it as Volhynian fever (Volkov, 1944 and others). Reports on a high incidence of tularemia made by Jusatz (1952), Trautmann (1953) and others”.

Olsuf’yev and Rudnev continue their epidemiology history, pointing out that the non-Soviet (particularly United States) experience was that individuals were infected in nature, particularly by hares or rabbits, from hunting. Modern literature agrees, as tularemia incidence continues to be associated with outdoor activities and tick bites (Juckett, 2015) and even theories of landscapers running over infected rabbits with lawn mowers to aerosolize Ft (Agger, 2005). In contrast, Olsuf’yev and Rudnev state:

“In the USSR the main sources of infection are water rats and small mouse-like rodents, from which people are infected under the most diverse conditions”.

Olsuf’yev and Rudnev describe numerous outbreaks of tularemia in the USSR under varying conditions. They describe water well, agricultural and domestic tularemia outbreaks associated with WWII with increases in rodent populations. Outbreaks were often linked to delays in harvesting crops, leading to rodent population explosions. Rodents would subsequently infect water supplies and homes, including food storage areas. The rodents would be caught up in delayed crop harvesting activities during the threshing of wheat, further disseminating tularemia. In one instance, Olsuf’yev and Rudnev describe:

“The mass multiplication of mouse-like rodents, which reached the scale of a ‘mouse invasion’, and the tremendous number of individuals among them infected with tularemia created an exceedingly high concentration of the tularemia microbe in the focus, which was spread out over a large territory. Food products – bread, flour, groats, grain, vegetables, fruit, nuts, etc. – as well as drinking water were contaminated by the excretions of the rodents and became routes of transmission of the tularemia infection”.

Olsuf’yev and Rudnev also describe links to wartime conditions:

“During the years of the Second World War, when in a number of oblasts, particularly those under temporary occupation, disorders in the management of agriculture led to the mass appearance of mouse-like rodents and the development of an active tularemia epizootic among them, agricultural, domestic, and water-borne outbreaks were predominant, distinguished by their mass nature and the variety of routes of transmission of this infectious disease. The characteristic features of wartime and the unique way of life of the population during this period led to the occurrence of a special type of outbreak which we called ‘trench’. These outbreaks were distinguished by certain rules and regulations in the spread of infection and required special prophylactic measures”.

“A particularly difficult test was given to Soviet epidemiologists during the years of the Second World War, when under conditions of the situation at the front as well as on territories liberated from enemy occupation, large outbreaks of tularemia of an unusual epidemiology were encountered and epidemiologists has to take extensive measures for eliminating them”.

Recent history from Kosovo combined with WWII-era Soviet Union history show a set of wartime events increase risk of tularemia outbreaks (Figure 1).




Figure 1 | A set of sequential wartime events which lead to increased risk of tularemia outbreaks. Five events have been described which occur sequentially under wartime conditions in Eastern Europe, which have historically progressed to tularemia outbreaks.






2 The current situation in Ukraine

The Ukraine war has continued for nearly two years with more than 8,895 civilians officially reported killed, and vastly larger number of military deaths (USAID, 2023). Actual numbers of military and civilian deaths are likely far higher than reported. The over 600-mile current front line represents the largest land battle in Europe since WWII. The resulting destruction and infrastructure loss greatly increases tularemia outbreak risk. The current military stalemate also raises the possibility of deliberate use of bioweapons, including tularemia, perhaps under the guise of a naturally occurring outbreak.

The first risk factor for an outbreak is delayed crop harvesting. NASA satellite images show much of the Ukrainian winter 2022 harvest occurred, with a critically important exception: the band of harvest not collected along the battle front (Mitkish and Voiland, 2022), reminding us of conditions reported in the 1950’s Russian literature. Unharvested crops resulted in rodent population explosions with subsequent increase in tularemia infections.

Regarding the second criteria, an explosion in the rodent population, we have been in communication with the National Scientific Center Institute of Experimental and Clinical Veterinary Medicine in Ukraine. Conditions weren’t favorable for rodent populations in early 2023, as unstable weather resulted in flooding of rodent burrows (obtained from https://dpss.gov.ua/en). However, recent news articles from the end of 2023 indicate the battlefront is dealing with “exceptional levels of mice and rats” (Vincent, 2023).

Evidence for the third risk factor - Ft in the rodent population – is found in reports of Ft detected in arthropods, rodents, water, and agricultural products (Jurtubaeva et al., 2022). This included numerous regions of endemicity in Ukraine including Chernihiv, Odessa, and Sumy Oblasts. Hightower et al. described the distribution of tularemia across Ukraine in a temporo-spatial model, identifying historical foci of tularemia in Kharkiv, Kherson, and Zaporizhzhia Oblasts (Hightower et al., 2014). From 2015—2018 in Kharkiv Oblast, 78 of 380 tick and rodent samples were Ft positive by PCR (Zlenko et al., 2020b). The presence of Ft in Ukraine has long been observed and includes current conflict areas.

For the fourth criteria, social disruptions in eastern Ukraine are evident. Many buildings have been destroyed and a great many people have been displaced. Kharkiv Oblast has some particular characteristics, having been occupied for many months by Russians and then recaptured by Ukrainians. At this time, we do not have evidence that rodents have invaded food and water supplies in Ukraine, however it is easy to conclude that this is occurring.

Therefore, it appears that Ukraine is at high risk of tularemia outbreaks, similar to other eastern European conflicts. Before the war, a case of tularemia was recently reported in the English literature to have occurred in Mykolaiv Oblast in 2018 (Zlenko et al., 2020a). There were more than 50 cases reported from neighboring countries in 2019 including Hungary (22), Slovenia (7) and Poland (21). There were two confirmed cases of tularemia identified in Ukraine in 2022 (personal communication). The current numbers are unknown, as the challenges of disease surveillance in conflict areas are well described (Tong et al., 2011; Ismail et al., 2016).




3 Considerations for responses to tularemia outbreaks in Ukraine

Given clear risks for a tularemia outbreak in Ukraine, there are important considerations for a coordinated response. Figure 2 illustrates a stepwise approaches to prevention and mitigation of tularemia outbreaks.




Figure 2 | A stepwise approaches to prevention and mitigation of tularemia outbreaks. Here are five practices that may be used, in sequence from background surveillance to invasive mass vaccination. Note that wartime conditions, like those in Ukraine, may render earlier steps ineffective or impossible to implement. Under these conditions, implementation of vaccination may be needed.



The Kosovo outbreak response included improved sanitation and utilized animal control and surveillance (Grunow et al., 2012). This sound approach appears to be impractical under current Ukraine battlefield conditions. Vector monitoring, treatment, and post-exposure prophylaxis are also difficult under battlefield conditions.

The current Western approach to managing tularemia outbreaks focuses on approaches 1-3 through environmental monitoring, treatment and post-exposure prophylaxis. The Working Group on Civilian Biodefense published consensus-based recommendations (Dennis et al., 2001). The basis of the approach relied largely on the US and Swedish experience between 1966 and 2000 featuring sporadic outbreaks with small case numbers, primarily in hunters and workers in animal-based trades such as leather production.

The working group did not recommend vaccination outside of laboratory personnel. This may have been due to the lack of FDA approved vaccines. The working group did recommend post-exposure prophylaxis for at-risk patients using a two-week course of oral doxycycline or ciprofloxacin, and environmental decontamination of potentially exposed areas using 10% household bleach in water. While these recommendations are instructive, the Working Group envisioned a single biological weapon attack, rather than ongoing battlefield conditions favoring natural outbreaks. Descriptions of biological weapons scenarios have been described elsewhere (Wetter et al., 2002; Eliasson et al., 2006). A biological attack occurs in a defined time period, allowing antibiotic prophylaxis to also be for a definded time period, (e.g. two weeks). Extended antibiotic use is associated with antibiotic-resistance bacteria development (Endale et al., 2023). Therefore, individuals experiencing extended high infection risk (e.g. laboratorians) have been offered vaccines, but not antibiotic chemoprohylaxis. Antibiotics are reserved for treatment only. Furthermore, engineered antibiotic resistance is a concern for weaponized tularemia (Dennis et al., 2001). Chemoprophylaxis is not recommended for natural outbreaks (Stanek and Saunders, 2020), requiring alternatives like vaccines.

Vaccination with live, attenuated tularemia vaccine is known to be safe and effective. Perhaps the Soviet experience is most instructive. The Soviet Union produced a live attenuated vaccine for tularemia in use since 1942 known as the 15 NIIEG vaccine (aka, Gaiski, Gayskiy, Strain 15, or Gayskiy 15) (Timofeev et al., 2020) or Live Tularemia Vaccine (LTV). The LTV vaccine is reportedly effective 1-2 weeks after injection of 2x108 colony-forming units (cfu) by scarification or 1x107 cfu intradermally and requires a booster every 5 years (Feodorova et al., 2014). Olsuf’yev and Rudnev describe in detail how vaccinating people contained and eliminated tularemia outbreaks prior to 1960 in the USSR. These lessons could be applied in modern-day Ukraine.

Olsuf’yev and Rudnev report on the effectiveness of the LTV in preventing tularemia outbreaks in the post-WWII era as in this example:

“In one of the villages of Mikhaylovskiy Raion toward autumn a large number of mouse-like rodents appeared. In October a tularemia epizootic was found among them. Shortly after, cases of tularemia began to be recorded among people who had been in contact with agricultural products. During a period of five days the entire population of the village was inoculated with liquid yolk vaccine. During the first two weeks after the completion of vaccination only isolated cases of tularemia were found among the inoculees; after this time, not a single case of tularemia was detected. In the nearby inhabited places, where vaccination was not carried out in time tularemia was observed among people for a number of months afterwards”.

The Russian text describes over 80 cases in the first 5 days of vaccination as well as 20 cases in another place, rising to over 30 cases every 5 days for the next 25 days. Clearly, vaccination worked in this case. Olsuf’yev and Rudnev go on to describe measures to prevent, slow, or stop an outbreak. This begins with measuring rodent populations and identifying Ft in that population. Olsuf’yev and Rudnev indicate Ft in rodents is sufficient to vaccinate an entire rayon. Furthermore, any human case is indication for vaccination of the entire rayon. There are reports that the vaccination strategy using LTV was widely effective in the former Soviet Union, though documentation in the English literature remains scarce (Feodorova et al., 2014). Tularemia vaccinations in Ukraine, presumably with the LTV, stopped in 2000, suggesting most of the Ukrainian population are vulnerable to infection. Ukraine does not have access to the Soviet LTV, given the current military situation.




4 Discussion

Currently, the US does not have a tularemia vaccine in active production and no tularemia vaccine has been licensed by the US Food and Drug Administration. Historically, the Ft strains used to produce LTV were gifted to experts in the US during the mid-1950s, leading to development of an experimental vaccine known as the Live Vaccine Strain or LVS (Saunders et al., 2023). In repeated clinical trials, the vaccine was found to be safe and effective (Mulligan et al., 2017). Despite more than 70 years of clinical development and use protecting laboratory workers under an Investigational New Drug application, the vaccine remains unlicensed (Saunders et al., 2023). A replacement clinical candidate vaccine has been slow to develop, despite numerous preclinical candidates investigated (Sunagar et al., 2016). A search of clinicaltrials.gov reveals there are currently no registered tularemia vaccine candidates in trials at the time of writing.

There are currently a few active tularemia vaccine development efforts, many with live-attenuated vaccine candidates (Sunagar et al., 2016). Currently a live, attenuated tularemia vaccine (ATI-1701) appears to be the most advanced among these. ATI-1701 was created by a defined mutation in the clpB gene of the fully virulent Ft SCHU S4 strain, known as ΔclpB (Golovliov et al., 2013). It was shown to be less lethal in mice and guinea pigs than the legacy LVS vaccine (Conlan et al., 2021). The mutation was shown to be stable and growth methods for ΔclpB were scaled up to 25L. ΔclpB was lyophilized and was shown to be viable after 3 years of storage at -20°C and -80°C. Pilot cGMP manufacturing of ΔclpB is already underway, though the vaccine has yet to enter clinical trials. An effective vaccine would be of great value to Ukraine as well as the US and partner nations. Licensure of a tularemia vaccine will be time-consuming and require use of the FDA Animal Rule, given tularemia’s rarity in the west (Hickman et al., 2022).

One possibility to rapidly field and test candidate vaccines would be a monitored emergency use of unregistered and experimental interventions (MEURI) trial. The WHO has put forth a framework for MEURI trials (WHO, 2022). The Ukrainian tularemia outbreak risk of a public health emergency supports a MEURI approach to testing novel vaccine candidates. MEURI trials should have a strong and compelling justification, an ethical and regulatory framework, a consent process, and contribute to evidence supporting licensure and fielding of interventions. Justifications include risks for or an ongoing public health emergency, the absence of proven interventions, the impossibility of initiating research in a timely fashion under existing regulatory authority, scientific support based on a favorable risk-benefit analysis, and effective use of resources. Experience with Ebola demonstrated rapidly fielding and testing experimental drugs and vaccines in austere environments under the MUERI framework. We participated 2014 to 2016 Ebola outbreak reponse and the 2018 and 2019 Ebola outbreak response in the Democratic Republic of the Congo (DRC) (Iversen et al., 2020), including evaluation of mAb114, REGN-EB3, and remdesivir for the treatment of Ebola in DRC (Mulangu et al., 2019; Hickman et al., 2022). Our experience with Ebola outbreaks and MEURI trials leads us to believe that a MEURI trial of tularemia vaccines may be appropriate in Ukraine.

The tularemia countermeasures community should prepare to respond to a tularemia emergency in Ukraine with a plan to proactively study experimental vaccines. While tularemia does not have the high fatality rates or public health urgency associated with Ebola, the threat of both natural outbreaks and potential deliberate use by aerosolization should raise the level of urgency. The sporadic nature of natural tularemia transmission should not engender a sense of complacency. Credible vaccine candidates should be prepared urgently for testing in an outbreak setting, recalling the lessons of recent history.
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