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Abstract

Background: Coccidioidomycosis (Valley Fever) is a fungal infection endemic to the Southwestern United

States. Approximately 150,000 cases occur each year but are often subclinical in those with a robust 

immune system. However, in patients with HIV/AIDS, pulmonary symptoms and complications are far 

more prevalent. This study aims to elucidate common radiologic findings on Computed Tomography to 

better characterize trends seen in pulmonary Coccidioidomycosis infection at varying CD4 levels. This 

will not only assist in characterizing disease progression, but we seek to also provide educational 

findings that may benefit physicians where Coccidioidomycosis infection may be less prevalent. 

Methods: A retrospective review of 14 patients with confirmed HIV/AIDS, Coccidioidomycosis infection, 

and CT scan within 8 weeks of principal diagnosis was performed. Radiologists were blinded to CD4 

level. Radiologists evaluated the CT scans for the following findings: nodules, tree-in-bud pattern, 

alveolar infiltrates, ground glass opacifications, adenopathy, cavitary lesions, pleural effusions, and 

hypodense splenic lesions. 

Results: 14/14 cases had a CD4 level less than 200. In total, the frequency of findings was pathologic 

adenopathy (size >10mm short axis) 57% (8/14), Tree in Bud 100% (14/14), Alveolar Infiltrates 57% 

(8/14), Nodules 100% (14/14), Pulmonary Cavities 21% (3/14), Ground Glass Opacifications 50% (7/14), 

Pleural Effusions 29% (4/14), and Splenic Lesions 14% (2/14). Adenopathy was present only in cases with

CD4 levels below 100 at a prevalence of 80% (8/10). Alveolar infiltrates were present at all CD4 ranges. 

Ground glass opacification was present only in cases with CD4 levels below 50 with a prevalence of 88% 

(7/8). Pulmonary cavities were present only in cases with CD4 levels below 50 with a prevalence of 38% 

(3/8). 

Conclusion: Patient sample size significantly limited statistical analysis with no statistical significance 

proven. Despite this, we may begin to appreciate the severity of disease burden. Findings such as 

ground glass opacification and pulmonary cavities become more frequent as CD4 levels continue to fall. 

While not unexpected with increasing immunosuppression, these images serve as a leading point for 

further exploration where prior imaging was limited and provide an educational benefit through varying 

imaging findings within a vulnerable population. 



Introduction

Coccidioides immitis and Coccidioides 

posadasiis are fungal causative agents of 

coccidioidomycosis infection, commonly termed

Valley Fever, a disease prevalent in, but not 

limited to, the Southwestern United States, as 

well as regions of Northern Mexico.1 While 

approximately 150,000 infections occur each 

year, the majority of infections are subclinical 

with some patients establishing immunity from 

subsequent infection. When symptomatic, flu 

like symptoms, chest pain, diaphoresis, 

erythema nodosum, and erythema multiforme 

may be observed on physical exam.8 

Furthermore, inhalation of the fungal 

arthroconidia may subject individuals to 

dangerous pulmonary complications such as 

focal alveolar infiltrates, discrete nodules, hilar 

adenopathy, pulmonary cavities, and bilateral 

effusions.2,5 These manifestations can result in 

potentially life threatening conditions, 

especially in patients with immunosuppressive 

illnesses that increase risk of opportunistic 

infections as well as the progression of 

infection. 

Patients with HIV are at an increased risk for a 

wide variety of pulmonary infections, with the 

most common being bacterial pneumonia, PCP, 

and Tuberculosis.6 In fact, approximately 65% of

AIDS-defining illness revolve around pulmonary 

disease.11 While coccidioidomycosis infections 

are less frequent than the aforementioned, the 

prevalence of the fungi in the Southwestern 

United States raises the need to recognize the 

danger.  The opportunistic nature of 

coccidioidomycosis aids further to this 

increased risk, as has been seen in HIV patient 

studies.1 As of 2016, there are an estimated 1.2 

million people living with HIV, and while 

continuing advances in medication have created

increasingly stable management, these 

infections remain of serious concern. It is 

imperative to manage not only the underlying 

disease, but the subsequent illnesses that may 

follow. 

In patients with pulmonary infections, imaging 

is critical for developing a diagnosis and 

treatment plan.7 Chest X-ray has been an 

effective imaging modality to identify 

pulmonary manifestations as demonstrated in 

coccidioidomycosis infections. Throughout the 

progression of the infection, varying pulmonary 

radiographic manifestations are seen, 

classifying under primary pulmonary, chronic 

pulmonary, and disseminated disease, each 

with a plethora of complications and 

presentations.9,10 Most commonly seen in 

radiography is lobar consolidation and patchy or

nodular infiltrates, with 70% isolating to the 

upper respiratory lobes.11 Furthermore, a study 

performed by Singh and colleagues found 65% 

of HIV patients with a coccidioidomycosis 

infection presented with diffuse reticulonodular

infiltrates on chest x-ray.12 They also found that 

41% of the immunocompromised patients in 

the study had coccidioidomycosis infections 

defining their underlying AIDS, a testament to 

the importance and prevalence of this disease 

within this vulnerable population.3,12,13 While 

chest x-ray has been invaluable to patient care, 

CT scans have also been documented to identify

pulmonary lesions, sometimes more clearly 

than x-ray, and at times identify lesions that 

were once unidentifiable through such x-ray 

alone.2,10 

      With the rise in diagnostic measures, there 

has been an increase in avenues to pursue for 

patient care, and as technology continues to 

improve our visualizations of disease, there will 

reasonably be marked improvements in patient 

outcome. To this day, chest x-ray and CT have 

been of substantial benefit in determining the 

state of infection seen in coccidioidomycosis 

infections. Through utilization of these imaging 

techniques, it becomes possible to track the 

unique progression of disease in those with HIV 

and AIDS. By the nature of opportunistic 



infections in immunocompromised patients, it is

imperative to identify the disease in a timely 

manner. This study aims to delineate and assess

the prevalence of Computed Tomographic 

findings associated with pulmonary 

coccidioidomycosis in HIV-infected patients. 

This study is performed in the hopes of 

identifying any unique disease manifestations at

varying CD4 levels in a vulnerable population, 

while providing further imaging findings on an 

endemic illness. 

Methodology

A retrospective chart review from 2013-2018 of 

14 patients was performed to assess the 

Computed Tomographic (CT) manifestations of 

pulmonary Coccidioidomycosis infection in 

patients with HIV/AIDS. Principal patient 

recruitment was performed with the assistance 

of the Internal Medicine Department at 

Maricopa Integrated Health Systems. The 

Internal Medicine Department obtained a total 

list of 14 patients who met the inclusion criteria 

of an ICD diagnosis of HIV/AIDS, ICD diagnosis of

Coccidioidomycosis infection, an ICD diagnosis 

of a pulmonary infection, and those who 

received a chest CT within 8 weeks of 

presentation. 

Patient Coccidioidomycosis infection status was 

confirmed through a retrospective chart review 

by the Internal Medicine Department, verifying 

infective status through serology, antigen 

analysis, cytology, or pulmonary secretion 

culture. Patient CD4 level and viral load at the 

time of presentation, or at the time of CT scan 

was obtained. Radiologists interpreting the 14 

patient cases were blinded to the CD4 level and 

viral load of the patient. 

The Internal Medicine Department de-identified

patient information through assignment of a 

randomly determined number as well as the 

image acquisition number for the Radiologist’s 

interpretation. The Radiology team was 

provided with a list consisting of 14 subjects for 

interpretation. CT findings that were tracked 

included focal alveolar infiltrate, consolidation, 

interlobular septal thickening, discrete, solitary, 

or multiple nodules, nodule size, hilar or 

mediastinal lymphadenopathy including 

measurement in the short axis, pulmonary 

cavity, pulmonary effusion, splenic 

hypodensities. 

Analytic plan for the study includes simple 

descriptive statistics highlighting prevalence 

and frequency of findings. Subject data of the 

14 confirmed cases was analyzed for frequency 

of CT findings noted above, including size and 

location, and subsequently analyzed in 

conjunction within immune status and CD4 

levels. 

Results 

14 total subjects analyzed met the inclusion 

criteria requiring a documented CD4 level and 

viral load at time of presentation or CT scan, 

confirmed Coccidioidomycosis infection, and a 

CT scan of the chest within 8 weeks of principal 

diagnosis. Of the 14 subjects that met the 

above criteria, 100% had a CD4 level below 200 

with a range from 156 to 4. 

Overall prevalence for each respective finding 

at varying CD4 levels is depicted by Table 1. 

Patholgic adenopathy, requiring a minimum 

short axis diameter of 10mm, yielded at 

prevalence of 57% (8/14), Tree in Bud 100% 

(14/14), Alveolar Infiltrates 57% (8/14), Nodules

100% (14/14), Pulmonary Cavities 21% (3/14), 

Ground Glass Opacifications 50% (7/14), Pleural 

Effusions 29% (4/14), and Splenic Lesions 14% 

(2/14).



Table 1. Presence of Radiologic Pulmonary Manifestations on Computed Tomography 

Adenopathy

Hilar and Mediastinal Adenopathy measuring 

greater than 10mm in the short axis had an 

overall frequency of 57% (8/14). 100% of cases 

presented below a CD4 level of 100, with a 

prevalence of 80% in cases below a CD4 level of 

100. The remaining 6 subjects displayed mildly 

enlarged lymph nodes, but did not reach 

pathologic criteria within the CD4 range of 200-

100. The average size of adenopathy in patients 

with a CD4 level of 94-50 was 12.3mm and 

14.6mm for patients

with a CD4 level 

from 49-4 (Table 2). 

Table 2: Frequency 

of Adenopathy and 

Corresponding 

Measurements

Figure 1: Mediastinal and Hilar Adenopathy 

CD
4

Adenopa
thy 
(>10mm)

Tree 
in Bud

Alveola
r 
Infiltrat
es

Nodul
es

Pulmon
ary 
Cavities

Grou
nd 
Glass

Pleur
al 
Effusi
on

Sple
nic 
Lesio
n

4 X X X X X

5 X X X X X X X

9 X X X

13 X X X X X X X

13 X X X X X

31 X X X X

44 X X X

49 X X X X X X X

72 X X X

94 X X X

10
4

X X X X X

10
9

X X

11
2

X X X

15
6

X X X
CD4 Adenopathy 

(>10mm)
Size of 
Adenopathy 
(mm) 

4 X 21,19, 15

5 X 13, 10, 10

9

13 X 171

13 X 15, 11

31 X 20, 17, 13,10

44

49 X 18, 10

72 X 12, 10

94 X 15

104

109

112

156



Fig 1 A and B demonstrate Prevascular, Paratracheal, Para-aortic lymphadenopathy of patient with CD4 level of 4. Fig 1 C and D demonstrate 

Subcarinal lymphadenopathy measuring 19mm in a patient with a CD4 level of 94, and Fig 1 E and F demonstrate Right hilar lymphadenopathy 

measuring 12 mm in a patient with CD4 level of 72.

Alveolar Infiltrates

Alveolar infiltrates had an overall frequency of 

57% (8/14). The prevalence in subjects with a 

CD4 level from 200-101 was 75% (3/4), and 50%

(5/10) from 100-0. At CD4 levels below 100, 

100% of cases had either left upper lobe (LUL) 

or right upper lobe (RUL) involvement. While 

upper lobe involvement was absent in cases 

above a CD4 level of 101, there was 

involvement of either that right middle lobe 

(RML) or right lower lobe (RLL) (Table 3). 

Table 3: Alveolar Infiltrate Frequency and 

Location

CD4 Alveolar Infiltrates Location

4 X RUL, LUL

5 X RUL, LUL

9

13 X LUL

13 X All Lobes

31

44

49 X

72 RUL, LUL

94

104 X RML

109

112 X RML, RLL

156 X RLL

Fig 2. Alveolar Infiltrates in a Patient with a CD4 Level of 4



Fig 2A: Axial CT, 2B Coronal CT, and 2C Sagittal CT demonstrating RUL alveolar infiltrate. CT images further demonstrate scattered ground glass 

opacifications as well as peripheral tree-in-bud nodularity most prominent in the LUL.

Figure 3: Alveolar Infiltrates in a Patient with a CD4 level of 13

Axial, coronal, and sagittal CT of a left upper lobe alveolar infiltrate (blue) with adjacent ground glass opacification (red) and tree in bud 

nodularity (green). 

Ground Glass Opacifications

Ground Glass Opacifications had an overall 

prevalence of 50% (7/14). 100% of cases 

occurred at a CD4 level below 50, with a 

prevalence of 86% (7/8). Lobar predominance 

was not observed, and the majority of cases of 

diffuse lobar involvement, even if scattered 

throughout each respective lobe.  

Pulmonary Cavitations

Pulmonary Cavities were presents in 21% of 

cases (3/14). 100% of cases occurred at a CD4 

level less than 50, with a prevalence of 38% 

(3/8). There was no lobar predominance could 

be determined among 3 cases. 2 cases were in 

the RUL, and 1 case was lingular.

Figure 4. Ground Glass Opacification Visualized on Axial CT
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Extent of Ground glass opacification in 4 patients with severe immunosuppression. a) Right middle lobe, right lower lobe, and left lower lobe 

ground glass opacification (ggo) in a patient with a CD4 level of 9; b) Right upper lobe and left upper lobe ggo in a patient with a CD4 level of 4; 

c) Right upper lobe, right middle lobe, and left upper lobe ggo in a patient with a CD level of 44; d) Right middle lobe, right lower lobe, and left 

lower lobe ggo in a patient with a CD4 level of 13 with an additional finding of right pleural effusion.

Figure 5. Multiple Radiographic Demonstrations of Lingular Cavitary Lesion in a Patient with a CD4 of 5

Lingular cavitary lesions in a patient with a CD4 level of 5.

Pulmonary cavity measures 1.6cm x1.2cm a) PA chest xray with opacification in the left lower lung fields; b) axial CT demonstrating 

consolidation with central cavitation; c) Coronal CT; d) Sagittal CT

Discussion

Coccidioidomycosis is a highly prevalent, 

endemic infection that tends to predominate 

the Southwestern United States. However, 

reported cases are still seen throughout all 

states. With the increasing disease burdens 

patients with HIV/AIDS face, we sought to 

elucidate common CT findings as well as 

attempt to identify common patterns or trends 

that correlate with varying CD4 levels. Prior 

studies have researched chest x-rays among the



same patient population, but data including CT 

acquisition is limited. While other fungal 

infections have been represented (such as TB, 

Histoplasmosis, and Blastomycosis), 

Coccidioidomycosis has distinctly fewer studies. 

As alluded to, the majority of prior studies in 

this specific, immunocompromised population 

were mostly analyzing chest x-rays. They found 

that reticulonodular infiltrates were the most 

prevalent findings, amounting to 65% of 

patients.12 Focal abnormalities such as a discrete

nodules or infiltrates, cavities, and pleural 

effusions were present in only 14% of patients. 
12 This is partly due to a lack of sensitivity when 

comparing xray specifically to CT. 

Shortcomings from other studies also include a 

lack of infection chronicity. This was an avenue 

we attempted to remedy by strict inclusion 

criteria of 8 weeks between diagnosis and CT 

acquisition, and by these means we sacrificed 

sample size. Furthermore, other studies have 

inconsistently detailed the CD4 levels at which 

findings were found, which would be useful to 

better detail course of infection. We aim to add 

to the existing data by introducing these 

elements and adding to the existing repository 

of pulmonary coccidioidomycosis imaging. 

57% (8/14) of patients demonstrated pathologic

adenopathy measured as greater than 10mm in 

short axis diameter. In studies analyzing 

immunocompetent hosts, hilar or mediastinal 

adenopathy was present in only 40% of cases. 

Despite a small sample size, this would be an 

expected trend in an immunocompromised 

cohort. The poor regional containment of 

infection leads to a greater spread with local 

involvement of adjacent lymph structures. No 

statistically significant trend in average lymph 

node size was appreciated despite a minor 

increase as CD4 continued to drop. 

While all patients enrolled in this retrospective 

review had CD4 levels in the “AIDS” range, 

there were still some trends that may begin to 

appear and expectedly correlate with the hosts 

ability to control infection. 100% of cases had 

pulmonary nodules as well as tree-in-bud 

patterns that suggest this may be an early 

radiologic presentation. At this point in 

infection, small, focal niduses of the infectious 

Coccidioidomycosis predominate leading to 

granulomatous changes visible on CT. 

As the disease course progresses with an 

impaired immune system, we hypothesize failed

granulomatous containment of the infection 

leads to scattered alveolar involvement in the 

way of ground glass opacifications. Existing 

research in immunocompetent patients fund 

that 75% of patients demonstrated such 

parenchymal abnormalities with a perihilar and 

basilar predominance.14 In our 

immunocompromised sample, these 

opacifications were seen in 7/8 (87%) patients 

with CD4 levels below 50, where HIV burden 

becomes the most severe. It is again of 

importance to recognize the limitations of the 

small sample size. While unable to provide 

statistical significance, the course of infection 

described above is an attempt to match 

expected and perceived evolutions of infection 

in immunocompromised hosts.

We hypothesized that HIV burden would 

correlate with extent of alveolar 

infiltration/consolidations, but this pattern was 

not observed. Alveolar infiltrates were present 

in 57% of total cases: 75% above a CD4 of 100, 

and 50% below a CD4 level of 100. Decreased 

incidence of alveolar infiltrates in more severe 

immunosuppression could be artifact of small 

sample size or could represent decreased 

recruitment of inflammatory cells.

Pulmonary cavities served as our visual marker 

for the most severe infectious burden. 

Immunocompetent patients tend to 



demonstrate this finding with a more chronic 

disease burden, appearing in approximately 

11% of cases.14 As infectious containment 

continues to fail, local parenchyma suffers 

significant damage leading to these cavitary 

formations. In our immunocompromised 

sample, this was observed strictly at CD4 levels 

below 50, with an overall prevalence of 21% 

(3/14). 

Additional findings were observed throughout 

the study that did not particularly show any 

discernable patterns or had a very small sample 

size. Pleural effusions were observed in 28% 

(4/14) cases, and were noted to only be 

observed in the setting of pulmonary infiltrates. 

Immunocompetent patients present with 

pleural effusions in approximately 15-20% of 

cases. Another finding includes hypodense 

splenic lesions which represent a more systemic

spread of infection (and occasionally visualized 

on a routine chest CT) were present in only 2 

cases, 14%. Of these 2 cases, there were no 

similarities in severity of pulmonary findings 

either. While likely a representation of a low 

sample size, an expanded study may adequately

reflect the extent to which immunosuppression 

aids in the spread of disease. 

Obvious limitations to this study include the low

sample size as previously mentioned. Such 

limited numbers were in part attributed to a 

goal of ensuring, as much as possible, a 

chronologic correlation for the patient’s CD4 

level, timing of diagnosis, and then subsequent 

timing of CT scan of the chest. This allows us to 

have a better visualization of the length at 

which a patient has been subject to an active 

Coccidioidomycosis infection. As such, statistical

analysis of the data was rather limited, as with 

such a small sample size, statistical significance 

could not be demonstrated, and such 

calculations were unnecessary to provide. 

However, despite the low sample size, we begin

to see possible patterns of worsening disease 

burden at declining CD4 levels. Furthermore, 

these images still serve benefit to patients and 

radiologists as an expansion of known data and 

findings on an endemic infection that may 

present in any institution. Future efforts include

expanding upon the sample size by acquiring a 

greater pool of patients by recruiting prior to 

the initial 2013-2018 timeline. Through an 

increased sample size, we hope to confirm 

certain trends that may be observed and 

further elucidate pulmonary imaging 

manifestations in a vulnerable population. 

Conclusion

This small retrospective case series serves as a 

pilot study that begins to elucidate trends in 

pulmonary imaging for HIV/AIDS patients with 

Coccidioidomycosis infection. Strict inclusion 

criteria of a CT within 8 weeks of confirmed 

diagnosis and current CD4 level was necessary 

to provide a chronological correlation with 

imaging findings. All of our patients 

demonstrated infectious burden through 

scattered nodularity (solitary or tree-in-bud 

nodules), and we began to observe more severe

imaging features (ground glass opacifications, 

consolidations/infiltrates, pleural effusions, and 

cavitations) at lower CD4 levels. These images 

provide a suggested pattern in pulmonary 

manifestations, although a larger study is 

needed to confirm trends. These images do 

however elucidate common findings of a unique

fungal infection in a vulnerable population. 
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