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DISPATCHES
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We examined 5 tularemia cases in Arizona, USA, during 
2015–2017. All were caused by Francisella tularensis group 
A.II. Genetically similar isolates were found across large 
spatial and temporal distances, suggesting that group A.II 
strains are dispersed across long distances by wind and ex-
hibit low replication rates in the environment.

Francisella tularensis, a Tier 1 select agent (1), has 3 
subspecies: tularensis (type A), holarctica (type B), 

and mediasiatica (Appendix 1 Figure, https://wwwnc.
cdc.gov/EID/article/25/5/18-0363-App1.pdf). In humans, 
disease is caused by type A and type B. Type B is found 
throughout the Northern Hemisphere, type A only in North 
America, and mediasiatica only in central Asia (2). Type A 
is divided into 2 distinct subgroups, A.I and A.II (Appen-
dix 1 Figure), that have little geographic overlap (3,4). A.II 
is found primarily in the mountainous region of western 
North America (3,4) and A.I throughout the central east-
ern regions and along the West Coast (3–5). Observational 
human data and limited experimental mouse data suggest 
A.II is less virulent than A.I but potentially more virulent 

than type B (6,7). Here, we describe 5 patients in Arizona, 
USA, during 2015–2017 with cases of tularemia (1 fatal), 
all caused by A.II (Appendix 2, https://wwwnc.cdc.gov/
EID/article/25/5/18-0363-App2.xlsx).

The Study
Case-patient 1 was a 57-year-old previously healthy man 
who sought treatment July 12, 2015, for chills and an 
acute onset of fever >40°C. Five days before symptom 
onset, while camping at the northern rim of Grand Can-
yon National Park, he noted a small wound at the lateral 
aspect of his left elbow consistent with an insect bite. Cel-
lulitis with regional lymphadenopathy developed on his 
left forearm, extending to the left axillary region. After 
surgical irrigation, debridement of the wound (August 8), 
and oral doxycycline treatment upon discharge, the pa-
tient fully recovered.

Case-patient 2 was a 55-year-old previously healthy 
woman who sought treatment on July 20, 2015, for sore 
throat and an acute onset of fever >40°C. She reported no 
outdoor activity except being in a Coconino County park 
4 days before symptom onset. Despite receiving treatment 
with amoxicillin, her fever persisted; she returned 4 days 
later with myalgia, fatigue, headaches, and emesis. Her 
therapy was switched to sulfamethoxazole/trimethoprim, 
amoxicillin/clavulanate, and ceftriaxone. A 2-day hos-
pitalization revealed left axillary lymphadenopathy with 
associated cellulitis in her left chest wall and breast. Her 
fever resolved with intravenous ceftriaxone and gentami-
cin. She received oral doxycycline upon discharge and 
fully recovered.

Case-patient 3 was a 73-year-old Coconino County 
woman with previous health conditions. She sought treat-
ment in the summer of 2016 and died several days later 
(Appendix 2 Table). Details about this case-patient are pre-
sented elsewhere (8).

Case-patient 4 was a 24-year-old previously healthy 
woman from Navajo County who sought treatment in No-
vember 2016. A cat bite was the suspected source of in-
fection, but the cat was euthanized without testing. Severe 
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swelling and lymphadenopathy developed at the site of 
the bite; the patient was treated with antimicrobial drugs 
and recovered.

Case-patient 5 was a 52-year-old man who resided and 
traveled between both Coconino County and Pinal County. 
He sought treatment for dizziness, nausea, chills, headache, 
and body aches in June 2017. He was initially treated with 
antipyretics but returned to the hospital 2 days later. At this 
visit, he received treatment with several antimicrobial drugs 
and recovered. The source of his infection is unknown.

All illnesses were classified as ulceroglandular tulare-
mia except the one in case-patient 3, which was classified 
as respiratory tularemia. Recovered isolates from all 5 pa-
tients tested positive for F. tularensis group A.II by PCR 
(Appendix 2 Table).

Comparisons of whole-genome sequencing and geo-
graphic data (Appendix 1) for these 5 isolates and 9 other 
A.II isolates (Appendix 2 Table) revealed 2 patterns. First, 
the 5 cases in humans during 2015–2017 were caused by 
isolates from distinct clades (Figure, panel A). The isolates 
in case-patients 2 and 3, who probably acquired the infec-
tion in the same city, were assigned to 2 different major 
phylogenetic clades (A.II.2 and A.II.8), suggesting dis-
tinct clades co-occur locally in the environment, a finding 
similar to that observed with type B and group A.I (9,10). 
Second, some closely related isolates were distant in geo-
graphic and temporal space (Figure, panels A, B). Isolates 
from case-patients 3 and 4 are highly similar, differing by 

just 1 single-nucleotide polymorphism (SNP) across the 
core genome, despite being isolated >150 km and 5 months 
apart; they also differ by just 3–4 SNPs from a case that 
occurred in another location 9 years previous in 2007 (no. 
8; Figure). Likewise, isolates from case-patients 2 and 5 
differ by just 4 SNPs, despite being isolated from distant 
locations 2 years apart.

The geographic pattern suggests F. tularensis group 
A.II might be capable of long-distance dispersal, perhaps 
by wind, as has been suggested for type B (9,11). The 
temporal pattern, which also has been observed for type B 
(9,11), is consistent with a low evolutionary rate for A.II 
strains in the environment. This pattern suggests group A.II 
strains may persist in the environment in a dormant state, 
such as the viable but nonculturable state that has been de-
scribed for type B (12).

Consistent with a low evolutionary rate in the envi-
ronment, groups A.I and A.II appear to be highly mono-
morphic and have much less genetic variation than type B 
(Appendix 1 Figure). Type B was previously described as 
being less genetically diverse than type A as a whole when 
groups A.I and A.II were considered together (2). However, 
A.I and A.II are separated by large SNP distances with no 
intermediate lineages (Appendix 1 Figure), verifying these 
groups as highly distinct and warranting their analysis as 
separate groups.

In this study, just 309 SNPs were discovered among 
14 A.II isolates separated by considerable geographic 

Figure. Phylogeny and geographic distribution of Francisella tularensis isolates, Arizona, 2005–2017. A) Maximum-parsimony tree of 
14 F. tularensis subsp. tularensis A.II isolates from humans and other mammals constructed by using single-nucleotide polymorphisms 
(SNPs) discovered by whole-genome sequencing. The tree is rooted on A.I strain Schu S4. Scale bar indicates number of SNPs. 
Numbers along branches also indicate the number of SNPs the branches represent. Closely related isolates are indicated with circles of 
the same color (also indicated in panel B). Numbers within circles correspond to the identification numbers in Appendix 2 Table (https://
wwwnc.cdc.gov/EID/article/25/5/18-0363-App2.xlsx. B) Known or suspected geographic origins of tularemia cases in Arizona. *Case 5 is 
represented twice to reflect the 2 possible geographic sources of this infection. Co., county.

F. tularensis Group A.II Isolates, Arizona, USA



DISPATCHES

946 Emerging Infectious Diseases • www.cdc.gov/eid •  Vol. 25, No. 5, May 2019

(maximum >1,000 km) and temporal (maximum 96 
years) distances (Figure, panel A). In a previous study 
(13), just 295 SNPs were discovered among 14 A.I iso-
lates separated by similar temporal distances (maximum 
65 years) and an even greater geographic distance (max-
imum >2,800 km). In contrast, type B exhibits much 
more diversity across smaller geographic and temporal 
scales. For example, 735 SNP differences were found 
in an analysis of 10 isolates from a respiratory tulare-
mia outbreak in Sweden (9), even though the temporal 
(maximum 1 year) and geographic (maximum ≈201 km) 
distances among these isolates were much smaller. The 
patterns observed with group A.II isolates suggest that, 
as has been suggested for type B (9,11), both group A.I 
and A.II strains might also persist long term in the envi-
ronment in a dormant state where replication is nonexis-
tent or greatly arrested.

A.II appears to be the main and perhaps only group 
of F. tularensis present in the environment in Arizona, 
although group A.I and type B are known to be present 
in neighboring states (14). However, all available archi-
val isolates from human and wildlife sources in Arizo-
na (Appendix 2 Table) were assigned to the A.II group 
(Appendix 1), consistent with other reports, indicating 
the presence of only group A.II from animal and human 
sources from Arizona (3,4). In 2000, type B isolates were 
obtained from captive animals in an Arizona zoo, but 
these infections were suspected to be imported rather than  
locally acquired (2).

Conclusions
In summary, we report 5 cases of tularemia in humans (in-
cluding 1 fatality) that occurred in Arizona during 2015–
2017, and all were caused by A.II isolates. Phylogeograph-
ic patterns suggest F. tularensis A.II strains might persist 
in the environment in a dormant state and be dispersed long 
distances, perhaps by wind.

This work was funded through Northern Arizona University via 
the Cowden Endowment and the State of Arizona Technology 
and Research Initiative Fund administered by the Arizona Board 
of Regents.

About the Author
Dr. Birdsell is an associate director at the Pathogen and  
Microbiome Institute, Northern Arizona University, in Flagstaff, 
Arizona. Her primary research interests are the evolution and 
phylogeography of F. tularensis.

References
  1. Rotz LD, Khan AS, Lillibridge SR, Ostroff SM, Hughes JM. 

Public health assessment of potential biological terrorism agents. 
Emerg Infect Dis. 2002;8:225–30. http://dx.doi.org/10.3201/
eid0802.010164

  2. Vogler AJ, Birdsell D, Price LB, Bowers JR,  
Beckstrom-Sternberg SM, Auerbach RK, et al. Phylogeography of 
Francisella tularensis: global expansion of a highly fit clone.  
J Bacteriol. 2009;191:2474–84. http://dx.doi.org/10.1128/JB.01786-08

  3. Farlow J, Wagner DM, Dukerich M, Stanley M, Chu M, Kubota K, 
et al. Francisella tularensis in the United States. Emerg Infect Dis. 
2005;11:1835–41. http://dx.doi.org/10.3201/eid1112.050728

  4. Staples JE, Kubota KA, Chalcraft LG, Mead PS, Petersen JM. 
Epidemiologic and molecular analysis of human tularemia,  
United States, 1964–2004. Emerg Infect Dis. 2006;12:1113–8. 
http://dx.doi.org/10.3201/eid1207.051504

  5. Keim P, Johansson A, Wagner DM. Molecular epidemiology,  
evolution, and ecology of Francisella. Ann N Y Acad Sci. 2007; 
1105:30–66. http://dx.doi.org/10.1196/annals.1409.011

  6. Molins CR, Delorey MJ, Yockey BM, Young JW, Sheldon SW,  
Reese SM, et al. Virulence differences among Francisella  
tularensis subsp. tularensis clades in mice. PLoS One. 
2010;5:e10205. http://dx.doi.org/10.1371/journal.pone.0010205

  7. Kugeler KJ, Mead PS, Janusz AM, Staples JE, Kubota KA,  
Chalcraft LG, et al. Molecular epidemiology of Francisella  
tularensis in the United States. Clin Infect Dis. 2009;48:863–70. 
http://dx.doi.org/10.1086/597261

  8. Yaglom H, Rodriguez E, Gaither M, Schumacher M, Kwit N, 
Nelson C, et al. Notes from the field: fatal pneumonic tularemia 
associated with dog exposure—Arizona, June 2016. MMWR Morb 
Mortal Wkly Rep. 2017;66:891. http://dx.doi.org/10.15585/ 
mmwr.mm6633a5

  9. Johansson A, Lärkeryd A, Widerström M, Mörtberg S,  
Myrtännäs K, Ohrman C, et al. An outbreak of respiratory tularemia  
caused by diverse clones of Francisella tularensis. Clin Infect Dis. 
2014;59:1546–53. http://dx.doi.org/10.1093/cid/ciu621

10. Birdsell DN, Johansson A, Öhrman C, Kaufman E, Molins C, 
Pearson T, et al. Francisella tularensis subsp. tularensis group A.I, 
United States. Emerg Infect Dis. 2014;20:861–5. http://dx.doi.org/ 
10.3201/eid2005.131559

11. Dwibedi C, Birdsell D, Lärkeryd A, Myrtennäs K, Öhrman C,  
Nilsson E, et al. Long-range dispersal moved Francisella  
tularensis into Western Europe from the East. Microb Genom. 
2016; 2:e000100.

12. Forsman M, Henningson EW, Larsson E, Johansson T,  
Sandström G. Francisella tularensis does not manifest virulence in 
viable but non-culturable state. FEMS Microbiol Ecol. 2000;31: 
217–24. http://dx.doi.org/10.1111/j.1574-6941.2000.tb00686.x

13. Birdsell DN, Johansson A, Öhrman C, Kaufman E, Molins C, 
Pearson T, et al. Francisella tularensis subsp. tularensis group A.I, 
United States. Emerg Infect Dis. 2014;20:861–5. http://dx.doi.org/ 
10.3201/eid2005.131559

14. Petersen JM, Carlson JK, Dietrich G, Eisen RJ, Coombs J,  
Janusz AM, et al. Multiple Francisella tularensis subspecies and 
clades, tularemia outbreak, Utah. Emerg Infect Dis. 2008;14: 
1928–30. http://dx.doi.org/10.3201/eid1412.080482

Address for correspondence: David M. Wagner, Pathogen and 
Microbiome Institute, Northern Arizona University, Flagstaff, AZ  
86011-4073, USA; email: dave.wagner@nau.ed



 

Page 1 of 5 

Article DOI: https://doi.org/10.3201/eid2505.180363 

Phylogenetic Analysis of Francisella 
tularensis Group A.II Isolates from 5 

Patients with Tularemia, Arizona, USA, 
2015–2017 

Appendix 

Francisella tularensis Culture, DNA Extraction, and Assignment to Major Genetic 

Groups 

For case 4 (Northern Arizona University identification no. F1071), Francisella tularensis 

was obtained from the wound site 10 days after the initial onset of symptoms and isolated by 

culture at a commercial laboratory. The sample was confirmed positive at the Arizona State 

Public Health Laboratory (Phoenix, Arizona, USA), which provided Northern Arizona 

University (Flagstaff, Arizona, USA) staff with DNA extracts of the cultured isolate for analysis. 

Information on the procedures used to confirm F. tularensis in each case is presented in 

Appendix 2 Table (https://wwwnc.cdc.gov/EID/article/25/5/18-0363-App2.xlsx). 

Isolates were first cultured in the hospitals where patients received medical attention; 

isolates were sent to Northern Arizona University for additional analysis. We cultured on 

Cysteine Heart Agar (Remel, https://www.thermofisher.com) for 72 hours at 37°C. DNA was 

extracted by using QIAGEN kits (https://www.qiagen.com). DNA extracts of F. tularensis 

isolates were genetically typed into phylogenetic groups by using published assays (1). 

DNA Sequencing 

We sequenced the DNA extracts of 10 isolates (the 5 isolates we obtained from humans 

in Arizona and 5 archival isolates from humans, environmental sources, or sources of unknown 

origin; Appendix 2 Table). DNA library preparations for whole-genome sequencing were 

performed by using the KAPA Low Throughput Library Preparation Kit with SPRI Solution and 

https://doi.org/10.3201/eid2505.180363
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Standard PCR Library Amplification/Illumina series (KK8232; KAPA Biosystems, 

https://www.kapabiosystems.com) with modifications. The adapters and 8-bp index oligos were 

based on Kozarewa and Turner (2) and purchased from Integrated DNA Technologies 

(https://www.idtdna.com). The quality and quantity of genomic DNA was evaluated by 0.7% 

agarose gel analysis. We fragmented 1 ug of DNA per sample with a SonicMan (Matrical 

Technologies, https://www.matrical.in) using the following parameters: 75.0-s prechill, 16 

cycles, 10.0-s sonication, 100% power, 75.0-s lid chill, 10.0-s plate chill, and 75.0-s postchill. 

The sonicated DNA was size selected to target 600–650 bp by performing fragment separation 

with Agencourt AMPure XP beads (A63882; Beckman Coulter, 

https://www.beckmancoulter.com); the fragmented DNA was eluted into 42.5 L of elution 

buffer. 

During the enzymatic steps, half the enzyme volume was used with the full volume of 

buffer as described in the KAPA’s library preparation protocol. For library preparation, 3 

separate reactions were carried out for each sample. In the first reaction (end repair), 2.5 L of 

enzyme and 5 L of buffer were used, followed by a 1.6 AMPure XP bead cleanup and elution 

in 43.5 L of elution buffer. In the second reaction (A-tailing), 1.5 L of enzyme and 5 L of 

buffer were used, followed by a 1.6 AMPure XP bead cleanup and elution in 36.5 L of elution 

buffer. In the third reaction (quick ligation), we used 2.5 L of enzyme, 10 L of buffer, and 1 

L of 10 M adaptor oligo mix (2), followed by a 0.9 AMPure XP bead cleanup and elution in 

30 L of elution buffer. The PCR was optimized to improve yield and genome coverage. 

We combined 2 L of DNA, 2 L of each 10 M indexing primer, 25 L of KAPA 2 

HIFI PCR Master Mix (KAPA Biosystems), and 19 L of molecular grade water and used the 

following PCR parameters: 2 min at 98°C (initial denaturation); 8 cycles of 30 s at 98°C, 20 s at 

65°C, and 30 s at 72°C (amplification); and 5 min at 72°C (final extension). The libraries were 

purified with a 0.9× AMPure XP bead cleanup and eluted into 50.0 L of elution buffer. The 

final libraries were quantified by using the KAPA ABI Prism Library Quantification Kit 

(KK4835; KAPA Biosystems) and pooled together at equimolar concentrations. 

The pool was quantified by using the KAPA ABI Prism Library Quantification Kit, and 

the quality of the pool was assessed with the Agilent DNA 1000 Kit (5067-1504; Agilent 
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Technologies, https://www.agilent.com) on the Bioanalyzer DNA 1000 Chip (Agilent 

Technologies). The samples, spiked with 1% PhiX, were sequenced on an Illumina MiSeq 

instrument by using the 600-cycle MiSeq Reagent Kit v3 (MS-102-3003; Illumina, 

https://www.illumina.com) with the standard Illumina procedure. The appropriate sequencing 

primers were added to the MiSeq kit as described (3). Sequence data was submitted to NCBI 

under BioProject PRJNA398413 (Sequence Read Archive accession nos. SRR5937764–

SRR5937772, SRR6205344; Appendix 2 Table). 

Single-Nucleotide Polymorphism Discovery and Phylogeny 

Core genome single-nucleotide polymorphisms (SNPs) were identified among F. 

tularensis genomes with NASP (4). Reads were aligned to the reference assembly (GenBank 

accession no. NC_006570.2) with Bowtie 2 (used for SNP identification) (5). If reads were not 

available for a genome, paired Illumina reads were simulated for the genome with ART (6). 

SNPs were identified with the UnifiedGenotyper method in Genome Analysis Toolkit (7,8). 

SNPs were removed from the matrix if the read depth was <10× or the allele frequency 

proportion was <90%. SNPs identified in duplicated regions of the reference assembly with 

NUCmer self-alignments (9,10) were filtered from the SNP matrix. A total of 1,308 SNPs were 

called from a 1,140,352-bp core genome alignment (NASP quality_breadth). Two SNPs were 

phylogenetically conflicting. A maximum parsimony tree was inferred on high-quality, core 

genome SNPs with MEGA 6.0 (11). SCHU S4 (GenBank accession no. NC_006570.2) was the 

outgroup for the phylogenetic analyses. 
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Appendix Figure. Phylogenetic tree indicating the major genetic groups and subgroups within 

Francisella tularensis. Colored stars indicate representative whole-genome sequences from these 

different groups, which were used to construct this phylogeny. SNP, single-nucleotide polymorphism. 


