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Abstract: Valley fever or coccidioidomycosis is a pulmonary infection caused by several species of coccidioides 

(Cocci) fungi that is endemic to California and Arizona. Skeletal coccidioidomycosis accounts for about half of 

disseminated infections, with the vertebral spine being the preferred site of dissemination. Most cases of 

skeletal coccidioidomycosis progress to bone destruction or spread to adjacent structures such as joints, 

tendons, and other soft tissues causing significant pain and restricting mobility. Manifestations of such cases 

are usually non-specific, making diagnosis very challenging, especially in non-endemic areas. In this review, 

we explore case reports of dissemination of coccidioidomycosis to bones and/or joints to highlight key 

differential features with other conditions or diseases and highlight opportunities for mechanistic and pre-

clinical studies that can help improve diagnostics, prognostics, and treatments. 
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fungal synovitis; arthritis; knee joint 

 

1. Introduction 

Recently estimated at 350,000 infections annually in the United States, Coccidioidomycosis, also 

known as Valley Fever, continues to expand its clinical footprint from established endemic areas such 

as Arizona and California to several new hotspots in the northern areas of Mexico, and select regions 

in Central and South America potentiating new endemic areas [1], likely as a result of both climatic 

and populational changes [2,3]. This neglected disease is caused by inhalation of aerosolized spores 

of two dimorphic fungi Coccidioides immitis and C. posadasii. While most cases (60%) are 

asymptomatic, resolve spontaneously, and fail to be accounted for in the clinic, ~40% of infections 

present a pulmonary disease ranging from a self-limited flu-like illness to more severe pneumonia 

[4]. Uncommonly, but instigating significant burden on the health care system, 0.5-2% of cases 

progress to a disseminated and life-threatening disease, especially among immunosuppressed 

individuals (e.g., transplant recipients, HIV patients, and pregnant women), and non-Caucasian races 

(especially African Americans and Filipinos) [5]. The most common organs or sites for 

extrapulmonary coccidioidomycosis include the central nervous system (CNS), skin, bones, and 

joints. Skeletal coccidioidomycosis, which accounts for up to 50% of extrapulmonary infections, 

generally requires long term medical treatment, with the possibility of relapse if not properly 

managed [4].  

Although widely described in clinical reports as individual case studies, disseminated skeletal 

coccidioidomycosis is still not well understood and remains uncharacterized mechanistically in 

animal models of dissemination. Most importantly, the genetic and molecular mechanisms that 

define susceptibility to a coccidioidal infection that progresses to disseminated disease rather than 

the typical self-limited pneumonia is yet to be determined.  

In this review, we will discuss disseminated coccidioidomycosis with an emphasis on skeletal 

infection and describe the clinical and animal studies that define current understanding of skeletal 

coccidioidomycosis. 
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2. Extrapulmonary Coccidioidomycosis 

Disseminated coccidioidomycosis is defined as coccidioides infections that spread to organs 

outside of the pulmonary system and pleura space after the rupturing of spherules causing release of 

endospores that are carried by the blood or lymph stream to distal sites [5]. There are two types of 

dissemination: lymphatic and hematogenous, with the latter being the more common type. 

Disseminated infection can develop shortly after pulmonary infection or years later and has been 

associated with significant morbidity and mortality that can be reduced with an early diagnosis, 

effective systemic antifungal therapy and follow up [6]. According to a report by Fraser at al. [7], 95% 

of patients identified with fungal dissemination died within an average of 210 days after the 

dissemination occurred. In these patients, the clinical manifestations of disseminated 

coccidioidomycosis varied widely, and resembled many different unrelated conditions, making the 

diagnosis very challenging [6]. In addition to individual underlying health risks and susceptibilities, 

the severity of the illness was also likely to depend on the location of the dissemination. Disseminated 

coccidioides mostly affected the skin, the skeleton (bones and joints), and the central nervous system 

(CNS) (Figure 1) but was also identified at other anatomic sites such as lymph nodes, spleen, 

subcutaneous tissues, liver, kidneys adrenal glands, and myocardium. Table 1 presents the 

distribution of case counts for the most common sites of dissemination of coccidioidomycosis as 

described by Adam and colleagues [6] in their retrospective analysis of 207 patients with 

disseminated coccidioidomycosis from the University Medical Center (UMC) in Arizona. Most cases 

involved one disseminated site only, although in few instances, multisystem dissemination, where 2 

or more distinct systems or sites were affected, was described [6,8]. Osteoarticular infections 

constituted 20% to 56% of disseminated cases [9] and will be reviewed in detail in this article. 

 

Figure 1. Common coccidioides infection sites. From the lung, coccidioidomycosis can spread to many 

different sites as highlighted above. Lungs chest radiograph and CT image of a patient with 

pulmonary coccidioidomycosis infection (A) & (B) [Reproduced from Adam et al. with permission 

[6]]. Skin infection appearing as verrucous plaques on a Coccidioidomycosis patient (C) [ Reproduced 
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from Garcia et al. with permission [2]]. CT image of the patient right elbow with eroded ulna, due to 

coccidioides dissemination (D) [Reproduced from Capoor et al. with permission [10]]. MR image 

showing coccidioidomycosis induced-cerebral infarction (E) [Reproduced from Lammering et al. with 

permission [11]]. Created using BioRender.com. 

Table 1. Classification of disseminated coccidioidomycosis cases by common sites of dissemination 

among 207 patients described by Adam and colleagues [6]. 

Classification Numbers of patients 

Central nervous system 71 

Skeleton 70 

Joints 14 

Soft tissues (muscle or lymph node) 15 

Skin 16 

3. Risk factors for extrapulmonary coccidioidomycosis 

Certain groups of individuals exposed to Cocci display higher rates of dissemination and are 

therefore considered to be at higher risk for severe disease. These groups include African Americans, 

Asians, Hispanics, and those of Filipino descent, patients with compromised immune status (patients 

on immunosuppressive medications, human immunodeficiency virus patients, third trimester 

pregnant women, and organ transplant recipients), patients with diabetes, tobacco smokers [12–14] 

and people aged over 60 years [6]. 

Higher rates for both pulmonary and disseminated coccidioidomycosis were reported among 

Filipinos, Asians, and Hispanics, while patients of African descent were mostly associated with 

increased rates of disseminated coccidioidomycosis but not pulmonary disease [15]. This variation in 

susceptibility among different ethnic groups has suggested that genetic factors may influence the 

progression from a localized mild disease to a more severe and disseminated coccidioidomycosis 

infection. In support of this hypothesis, a study on host genetic polymorphisms found that blood 

types A and B were associated with an enhanced predisposition to symptomatic pulmonary and 

severe disseminated coccidioidomycosis, respectively, among Hispanics. The human leukocyte 

antigen (HLA) polymorphism (HLA class II DRB1*1301 allele) was however linked to higher 

predisposition to severe disseminated disease not only among Hispanics, but also among African 

Americans and Caucasians [12,13].  

Late stage of pregnancy is considered as a high-risk factor for severe or disseminated infection, 

presumably due to the combined effect of reduced cell-mediated immunity and the influence of sex 

hormones during pregnancy [12]. High levels of estrogen and progesterone during pregnancy were 

reported to stimulate C. immitis and favored the progression towards disseminated disease, which in 

turn contributed to a higher rate of maternal mortality if left untreated [16–18]. The management of 

coccidioidomycosis in pregnant women is critical yet very challenging as most antifungals, excepted 

from Amphotericin B, are teratogenic [19].  

Immunosuppressed persons, especially those with impaired T-cell function were also shown to 

be more vulnerable to developing severe or disseminated coccidioidomycosis. Among these patients, 

individuals with diagnosed diabetes, inflammatory arthritis, hematologic/lymphatic malignancies 

(e.g., chronic lymphocytic leukemia), HIV and those that have experienced solid organ 

transplantation were at higher risk [20–23]. The risk of severe and disseminated coccidioidomycosis 

was also elevated with certain medical therapies that are known to alter cellular immunity, such as 

corticosteroids, tumor necrosis factor-α inhibitors and antineoplastic products [24–26]. While few 

reports have established diabetes as a risk factor for disseminated coccidioidomycosis, most clinical 

and scientific reports have argued that diabetes is mostly associated with complicated pulmonary 

coccidioidomycosis rather than with disseminated disease [6]. In one retrospective review of 39 

patients with vertebral coccidioidomycosis, Szeyko and colleagues [27] supported the idea that 

diabetes is not to be considered as a risk factor for disseminated coccidioidomycosis, yet several 
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clinical reports have mentioned diabetes mellitus as part of the medical history of the patients with 

disseminated coccidioidomycosis [3,8,28,29].    

Although disseminated coccidioidomycosis affects all ages, it is most common in adults. 

However, additional studies on the role of age as a risk factor still need to be conducted to 

conclusively determine functional links [12,15]. Higher incidence rates of coccidioidal infection were 

documented among men than women. Previous reports have linked this observed gender disparity 

to occupational hazards, suggesting that men engage in outdoors activities or agricultural jobs at 

higher frequencies than women. The disseminated disease was also reported to occur at higher rates 

in men than in women, suggesting that there may also be a genetic or hormonal basis to this gender 

disparity [12,30]. 

4. Osteoarticular coccidioidomycosis 

4.1. Clinical reports 

Skeletal coccidioidomycosis generally arises from hematogenous dissemination and can often 

progress to the destruction of bones or adjacent structures such as joints, tendons, and other soft 

tissues [4,9]. Skeletal sites of infection do not have a location bias, as any bone could be involved in 

dissemination, but the reported sites with the most severe disease manifestation have been in the 

axial skeleton, including the skull, sternum, ribs, and vertebrae [4,27,31,32], with the latter being 

slightly favored (especially the lumbar and thoracic areas), where C. immitis frequently disseminates 

[5,27,31]. Most clinical cases describe vertebral coccidioidomycosis as osteomyelitis (limited to the 

vertebral bodies) and discitis (intervertebral disc space involvement), with symptoms including 

vertebral body compression and height loss, worsening back and neck pain, lower extremities 

weakness, weight loss, night sweats [27,29,33–37], epidural enhancement and abscess [27,29,35,37], 

paraspinal abscess [37] vertebral body complete destruction with focal kyphosis as well as 

retropharyngeal abscess [34]. 

One complicating factor in the diagnosis of vertebral coccidioidomycosis is that patients do not 

always present either symptom of pulmonary coccidioidomycosis nor do they display a significant 

past medical history of elevated rates of respiratory infections [29,34,36,38]. Although some reports 

describe the presence of primary lung infection in patients with vertebral coccidioidomycosis [29], a 

retrospective review study by Szeyko and colleagues [27], showed that the pulmonary disease, even 

when present, did not correlate with the severity of vertebral infection. When the infection of the 

skull occurs from vertebral coccidioidomycosis [39], it can spread to the pachymeninges and the 

subarachnoid space and cause neurologic compromise characterized by symptoms such as motor 

deficits, mechanical instability, neural compression, sensory disturbances, leptomeningeal 

enhancement, and arachnoiditis. The clinical studies reporting neurologic symptoms in patients with 

vertebral coccidioidomycosis cases have also highlighted the necessity of surgical management to 

prevent further spread in addition to pharmacological therapy [33–35,40] due to the fatal nature of 

coccidioidal infection in the brain. 

Some rare reported cases of coccidioidal osteomyelitis included infection of the first toe in a 

young patient with a medical history of diabetes insipidus and obesity [38], the facial bone 

involvement such as the jaw osteomyelitis in an infant [31], infection of the patella (anterior bone of 

the knee) in immunocompetent males [41], and orbital bone osteomyelitis with associated periorbital 

abscess [42]. Coccidioidal osteomyelitis in those rare sites highlights the importance of considering 

C. immitis and C. posadasii as potential pathogens during the diagnosis of patients with bone diseases, 

especially patients living in endemic region or patients with a travel history to endemic regions, 

whether they are immunocompetent or immunocompromised.  

Skeletal coccidiomycosis cases often appear with nonspecific features, mimicking other 

conditions such as malignant tumor, tuberculous osteomyelitis, as well as bone infections caused by 

other microorganisms [4,9]. Caraway and colleagues described two different cases of coccidioidal 

osteomyelitis that were misdiagnosed as primary bone tumors [43]. In the first case, the patient with 

a right hip pain was diagnosed with an epithelioid hemangioendothelioma after a core biopsy 
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showed histiocytoid cells. For the second case the patient presented a mass in the manubrium that 

was initially described as lymphoma with metastases based on radiographic findings. In both cases, 

a subsequent fine needle aspiration (FNA) biopsy helped correctly diagnose coccidioidomycosis 

osteomyelitis. 

Similarly, vertebral coccidioidomycosis may also be misdiagnosed, being mistaken for spinal 

metastasis [44,45], tuberculous spondylitis (Pott’s disease: tuberculosis with spine involvement), 

pyogenic spondylitis (spinal infection from other bacteria origin such as Staphylococcus aureus) [27] or 

other granulomatous diseases [45]. One report by Wesselius et al. [46] examined a case of vertebral 

coccidioidomycosis that appeared with similar clinical and radiological features as those of vertebral 

tuberculosis yet indicated differences to distinguish the conditions. Although both conditions can 

present with similar roentgenologic changes, coccidioidomycosis produces greater bone destruction 

with a rapid progression and symptom onset than tuberculous spondylitis, which appears with an 

indolent symptom onset [47]. The summary of distinctive clinical features for spinal metastasis, 

vertebral coccidioidomycosis, pyogenic and tuberculous spondylitis are presented in Table 2 [27,47–

49].  

Table 2. Distinctive clinical features of spinal metastasis, vertebral coccidioidomycosis, pyogenic and 

tuberculous spondylitis. 

Variables 
Vertebral  

coccidioidomycosis 

Pyogenic 

spondylitis 

Tuberculous 

spondylitis 
Spinal metastasis 

Location on the 

spine 

Thoracic and 

lumbar  

Thoracic and 

lumbar  
Thoracic 

Thoracic and lumbar 

(and rarely cervical) 

Associated  

microorganisms 
Coccidioides spp 

Staphylococcus 

aureus, Streptococci, 

Enterococci, 

Escherichia coli, etc.... 

Mycobacterium 

tuberculosis 

No microorganisms  

associated 

Route of spread Hematogenous  

Hematogenous 

arterial route, direct 

inoculation from 

surgery. 

Venous, Batson's 

paravertebral 

venous plexus 

Venous hematogenous 

(the most common 

route), arterial, direct 

tumor extension, and 

lymphatic  

Vertebral 

bodies 
High number 

Few vertebral 

bodies  

involved 

High number 

Few vertebral bodies 

involved (some rare 

cases showed > 5 

vertebrae involved on 

the cervical spine 

Disc 

involvement 
Always  Always 

Disk destruction 

occur at late 

stage of the 

disease 

Sparing of 

intervertebral disc space 

ESP, CRP* Mildly increased  Markedly increased Mildly increased Mildly increased 

* ESR, erythrocyte sedimentation rate; CRP, C-reactive protein. 

Some cases of bone infections can spread from adjacent soft tissues rather than through 

hematogenous dissemination [50]. Soft tissue infections are relatively rare in Valley fever patients but 

can be very severe and often behave as invasive neoplasms [51,52]. Coccidioides dissemination to the 

bones often occurs with simultaneous involvement of the associated joints [4,31,53], with joint 

infection typically occurring via spread from the bone and rarely as the result of the hematogenous 

spread [54]. In their retrospective clinical analysis, Adam and colleagues [6] found that all 14 patients 

with joint disease exhibited evidence of skeletal disease in bone adjacent to the joint, suggesting that 

the majority of patients with joint infection most likely present adjacent osseus infection. 

Nevertheless, although rare, cases of coccidioidal arthritis with no bone involvement exist. An 
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example of coccidioidal synovitis localized to the knee joint with no osseus destruction was presented 

in the clinical report by Coba and colleagues [8].   

The most common manifestations of joint dissemination are arthritis and synovitis with effusion, 

with the lower extremities such as the knees being the most affected articulated joint, followed by the 

ankles and the wrists [5,55]. Ahmad and colleagues [55] reported a well-managed case of knee joint 

effusion and synovitis, with no bone involvement, caused by both C. immitis and C. posadasii, in a 49-

year-old man from Texas. This case was resolved after antifungal treatment together with 

synovectomy, arthrotomy and drainage, without further relapse after 6 months follow-up.  

Cases of coccidioidomycosis with the involvement of both joint and bone (osteoarthritis) are the 

most severe, and the contiguous bones often represent potential sites of relapse. Their management 

requires aggressive surgical procedures, in addition to lifelong antifungal therapy. One report on 

coccidioidal infection of the knee of a 62-year-old man has shown the chronicity of this fungal 

infection, evaluated during 24 years of follow-up with 4 different relapses, the longest one occurring 

after 11 years [56]. It was only on the 4th relapse that advanced diagnosis has shown the presence of 

existing bone infection, suggesting a possible site of relapse. The case has been finally resolved after 

debridement and synovectomy, followed by an arthrodesis with an external fixation and a long-term 

azole therapy.  

While most cases of joint coccidioidal septic arthritis appear in only one site of infection, such as 

the case described by Weisenberg [53], in which the patient, a 78-year-old man, had no other systemic 

symptoms apart from knee pain and swelling, in a minority of patients the dissemination of 

coccidioidomycosis can involve more joints. Nasrawi and colleagues [57] described a case of 

coccidioidal polyarticular septic arthritis involving the right wrist, left elbow, left ankle, and left knee 

joints as well as the associated bones and soft tissues. The patient was initially diagnosed with 

chlamydia infection, which misled his case to reactive arthritis, a painful inflammation of joints 

occurring as part of the response to infection by Chlamydia trachomatis. The involvement of many 

joints resulted in this case being mistaken for “desert rheumatism,” a condition affecting joints 

bilaterally and causing a symptom called “erythema nodosum”. The absence of both the bilateral 

joint involvement and the symptom of erythema nodosum in that case, and the fact that the culture 

of fluids obtained from the knee, elbow and wrist joints grew C. immitis, directly excluded the 

possibilities of reactive and rheumatoid arthritis. The management of the case was made possible by 

the choice of the appropriate fungal and bacterial therapy. This case report presents the challenge of 

managing cases that manifest with multiple pathologic options and suggests that coccidioidomycosis 

infection should always be considered as a potential cause in monoarticular or polyarticular septic 

arthritis, especially if patients are linked to Valley Fever endemic regions. 

4.2. Diagnosis 

Some reports of skeletal coccidioidomycosis have highlighted the potential diagnosis 

complications that can arise from the presence of additional superimposed bacterial, fungal, and viral 

infections in patients with pre-existing coccidioides infection. In the case of coccidioidal polyarticular 

septic arthritis mentioned above as described by Nasrawi [57], the fluid from the patient’s wrist grew 

Methicillin-resistant Staphylococcus aureus (MRSA), in addition to C. immitis, making the patient’s 

condition significantly more difficult to manage. In a similar case [7], a 52-year-old man diagnosed 

with pulmonary tuberculosis developed swelling and infection on his right calcaneus and left tibia 

from which wound-draining fluid grew Mycobacterium tuberculosis. Further examination of biopsies 

from the soft tissues around the infected bones showed C. immitis that he had probably contracted 

when he travelled to Arizona a few years before diagnosis. Nassif and colleagues [58] reported a case 

of disseminated skeletal coccidioidomycosis in a 67-year-old woman in southwestern United States, 

previously diagnosed with COVID-19. After the resolution of COVID-19, the respiratory symptoms 

persisted, and the imaging revealed bone infection in the chest wall, mimicking metastatic disease. 

Subsequent biopsies from the chest wall confirmed coccidioidomycosis, and the patient was put on 

oral fluconazole. This case highlights that potential co-infection with cocci and SARS-CoV-2 in 
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COVID-19 positive patients, and especially in endemic areas should be considered as part of the 

diagnostic routine. 

These clinical findings demonstrate that the coccidioidal dissemination, in particular skeletal 

dissemination, can mimic many other diseases, making the diagnosis very challenging and unspecific 

[7,51,59]. Differentiating coccidioidomycosis infection from those other diseases is of utmost 

importance given the therapeutic and prognostic implications. Accurate diagnosis of skeletal 

coccidioidomycosis requires a very high level of rigor and a multidisciplinary approach combining 

laboratory analysis (histopathology, immunology, and microbiology) and imaging (such as 

Radiographs and MRI), especially in immunocompetent patients, and people from endemic areas 

[9,31,55,60].  

Culture and/or serological testing are considered the gold standard for the diagnosis and 

confirmation of coccidioidomycosis in suspected Valley Fever patients [14,55,60]. Culture of clinical 

specimens from any location can confirm the fungal infection. However, when skeletal dissemination 

is suspected, isolation of the coccidioides followed by histopathologic examination is performed on 

the involved bone, obtained by either percutaneous biopsy, CT-guided needle biopsy, or surgical 

debridement. In case of joint involvement, the culture is done from joint fluid obtained by 

arthrocentesis [4]. Histopathologic testing can be assisted by molecular techniques such as in situ 

hybridization (ISH), which can bring more specificity in tissue analysis. Other techniques such as 

polymerase chain reaction (PCR) have also been considered recently to assist the histopathologic 

examination [61] and confirm the presence of specific pathogen species. 

The serologic testing methods used to confirm the coccidioidal infection include the Enzyme 

Immunoassays (EIA), Immunodiffusion and complement fixation (CF) titers [31]. CF testing is the 

mostly used serologic method, due to its specificity and correlation with disease severity. CF titer in 

patients with disseminated infections is generally higher than 1:16 and its variation can inform on the 

therapeutic response in patients or the disease relapse [14,31]. An extremely high CF titer is predictive 

of failure of medical treatment alone and the need for surgical intervention [4]. 

Although imaging can sometimes result in misdiagnosis as other conditions such as cancer, 

bacterial infections, and fungal infections, it remains a very useful tool in the evaluation of the extent 

of skeletal dissemination and the necessity of surgery [4,55]. While radiographs can show bony 

lesions at late stage of the disease progression, CT scan instead can visualize bone abnormalities with 

more specificity at any stage of the disease. MRI is generally used to orient the decision of surgical 

debridement by identifying the areas of abnormalities with more precision and clarity, the damage 

of soft tissues as well as the abscess formation [4,28,60]. In the case of radiography and MRI failure, 

technetium Tc99m bone scan is the imaging method of choice, due to its high sensitivity and ability to 

determine multicentric osteomyelitis [4,62]. 

4.3. Management of osteoarticular coccidioidomycosis 

Successful management of osseous and/or joint coccidioidomycosis requires the combination of 

an early detection, a good choice of treatment, a timely decision on surgery, and a lifelong 

suppressive therapy. Current guidelines for the treatment of coccidioidomycosis recommend azole 

therapy for bone and/or joint dissemination [63]. Preferences have been given to Itraconazole than 

Fluconazole for skeletal diseases [29,53,55]. However, for good bone penetration, Posaconazole was 

found superior to Itraconazole [64]. Amphotericin B is recommended for severe osseous disease but 

is less used in the clinic due to unwanted side effects on kidney function [57]. The severity and 

progression of the disease generally indicates the need for surgical intervention, in addition to 

lifelong antifungal therapy, especially in patients with vertebral coccidioidomycosis. 

4.4. Animal Studies 

Most animal studies of coccidioidomycosis have focused on localized infection (pulmonary 

disease) rather than the disseminated disease. To mimic human dissemination, the intravenous and 

intraperitoneal routes of infection have been used, although these generally require large numbers of 

arthroconidia to establish infection and are less lethal than pulmonary infection [65,66]. The few 
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existing murine studies on the dissemination of coccidioidomycosis have focused on the spleen, 

lungs, liver, kidneys, and brain. These include studies of the immune response to systemic C. immitis 

infection of the lungs, spleen, and liver [67], C. immitis tissue invasiveness in lungs, liver, spleen, and 

kidneys [68] as well as the drug efficacy against disseminated coccidioidomycosis in lungs, spleen, 

liver and CNS [69–71]. To our knowledge, no investigation using rodent animal models has been 

performed to study the dissemination of coccidioidomycosis to bones and joints. The use of animal 

models for the osteoarticular coccidioidomycosis dissemination will provide important insights into 

the complex pathophysiology of skeletal coccidioidomycosis. 

4.5. Conclusion 

Manifestations of coccidioidomycosis dissemination to bones and/or joints are often non-

specific. Although existing knowledge of coccidioidomycosis infection and the patient's medical 

history may be helpful, the initial diagnosis of osteoarticular dissemination can be difficult and is 

often confounded by other inflammatory and infectious conditions or diseases. Successful 

management of osteoarticular coccidioidomycosis will therefore require a very high index of 

suspicion. Confirmation of the diagnosis is obtained either by histopathologic identification or by 

cultures, methods which delay patient management and promote dissemination to other organs 

including difficult-to-treat bone and joint infections. Early detection will require the use of methods 

that deliver the results in timely efficient manner such as PCR and genomic analysis, which, although 

available, are not yet widely used. In addition, imaging tests may show abnormalities and provide 

information on the existence of a bone infection but cannot distinguish osteoarticular 

coccidioidomycosis from other bone infections. To avoid confusion, they should be used as secondary 

tests to confirm coccidioidal infection, but not as primary tests. 

Most reports of complicated cases of osteoarticular coccidioidomycosis have also presented 

coinfection with Staphylococcus aureus. Developing an assay of coccidioidal coinfection with 

Staphylococcus aureus may help in understanding the pathogen and host factors that foster their 

coexistence and provide insight into the requirements for the proliferation of each microorganism 

and thus inform therapeutic development. 

The lack of a murine model recapitulating the dissemination of coccidioides to bones and joints 

has hampered the understanding of the mechanisms involved in dissemination and penetration to 

these sites. Establishing a murine model that mimics osteoarticular coccidioidomycosis using mouse 

strains of differing susceptibility can help identify not only the kinetic patterns of infection and 

bone/joint destruction and the fungal load required to induce lesions, but also the fungal virulence 

or host resistance factors that are involved in the pathogenic process. Moreover, although they cannot 

reproduce the complexity of the in vivo environment, in vitro assays of the interactions of lung cells 

and coccidioides species can provide insight into fungal pathogenesis, possible pathways involved 

in the dissemination to other organs, and factors defining the tropism for targeted organs of the 

extrapulmonary infection.  

Finally, in the era of COVID-19, care should be taken to not overlook respiratory diseases of 

similar presentation, such as coccidioidomycosis, especially in patients with a history of travel to 

endemic areas.  
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