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Presentation Notes
My name is Monika Dietrich, I am a 3rd year Pediatric Resident at Tulane. I’m really excited to be here to talk to you all today about a case and topic I find really interesting.I’m going to go through a fairly unique case of a Candidal Septic arthritis, and discuss what we know about Candida and joint infections. But I’m also going to take this opportunity to talk about a few inflammatory markers, their unique properties, and how we can best use them in septic arthritis. 
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The Case

DR is a 5mo infant with 
complicated PMH including 
TOF + long NICU stay 
presenting to office with 
refusal to move her left leg

No redness or warmth

No swelling

No fevers

No change in activity

Recent cath

 PMH
 Term VSD 22yo G2P1, no 

preg complications
 TOF with Pulmonary Atresia
 NICU (4 months)
 Central Shunt, PDA Ligation 

at 2 weeks
 Complete Repair at 3.5 

months
 Prolonged ventilation, 

thrombosis of LFV-
infrahepatic IVC, central 
line infection with 
Candidemia

 Cath: Bilat fem vv occlusion, 
no visualized subhepatic
IVC 
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HPI:DR is a 5mo infant with complex PMH that includes tetralogy of Fallot with pulmonary atresia s/p repair and prolonged NICU stay, who presents to the cardiologist’s office for routine follow-up, where mother complained that DR was refusing to move her left leg. Talking to the mom a little more, we find out that she does not want to extend the leg, preferring to keep her knee slightly bent, cries in pain when the knee needs to be extended for diaper changes. Mom has noticed this over the last week, with it getting progressively worse. Mom has not noted any redness or warmth, and she has been taking PO well, with appropriate weight gain, and no fevers, chills, or change in activity. Of note, she underwent cardiac catheterization 11 days prior with access via the RIJ and left femoral artery. PMH:- Born at 39.5 at 3.075kg SVD to a 22yo G2P1, normal pregnancy and deliveryDiagnosed with TOF with pulmonary atresiaNICU (4 months)First underwent central shunt and PDA ligation with delayed sternal closure, followed by Rastelli procedure for TOF repairComplications in the NICU include prolonged ventilatory support, thrombosis of the left femoral vein up to infrahepatic IVC, central line infection with candidemia S/P full course of treatment



The Case

 Medications
 Aspirin 40.5mg qd
 Ranitidine 20mg BID

 Vital Signs
 HR: 151
 R: 40
 T: 36.9 °C
 BP: 99/54

 Physical Exam - Pert
 NAD, well-nourished
 RRR, II/VI sys M + Soft 

early dia M, 2+ pulses, 
Cap refill <3 seconds

 R leg normal
 L knee difficult to straighten, 

crying with manipulation. L 
hip + foot normal. No 
erythema, no swelling.

 L groin cath site well healed
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Moving on, medications unremarkable, vital signs HR 151, R 40, afebrile, and BP around 80th percentile systolic. On physical exam, the baby girl appears well nourished, in no acute distress, HEENT and respiratory exam are unremarkable, cardiac exam significant for baseline murmurs, good pulses, abdominal exam is normal, musculoskeletal exam is significant for a normal right leg, normal left hip and ankle, with decreased ROM noted of the left knee, with fussiness and crying with manipulation, especially attempted extension. There is no obvious swelling, no erythema, no warmth at the joint. The cath site at the left groin is well healed. - Differential Diagnosis IF ASKED: Septic arthritis, osteomyelitis, hemarthrosis, toxic synovitis, hip dysplasia, joint dislocation



The Case

 Labs  Imaging
 Ultrasound: Left hip 

unremarkable. Right 
hip unremarkable. 
Right knee 
unremarkable. Left 
knee complex 
suprapatellar joint 
effusion measuring 3.0 
x 0.7 x 2.5 cm. 

WBC 12

Hb 10.8

Plt 640

Gran 51%

Lym 31%

Mon 13%

ESR 76

CRP 82

WBC knee
70,047/
mm3

Gran 91%

Lym 8%
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After assessment in the office, the cardiologist sent DR to be assessed across the hall by orthopedic surgery, as well as for x-rays of the left knee and bilateral hips, which were normal, and for a CBC, ESR and CRP. The CBC was significant for thrombocytosis with a platelet count of 640, and the ESR and CRP were elevated at 76 and 82. At this point, DR was sent to the emergency room for evaluation, where an ultrasound demonstrated effusions in the left knee. An arthrocentesis was unsuccessful in the ED, and the decision was made to proceed to the OR for a repeat arthrocentesis, which was successful and showed grossly cloudy fluid, supportive of septic arthritis, followed by debridementThe joint fluid was significant for a WBC count 70,000, with 71% granulocytesAnd just for your reference, in normal joint fluid, no WBC, in transient synovitis, about 5000/mm3, in septic arthritis, about 80,000/mm3 (averages from a study)



Hospital Course

 Day 1: Ceftriaxone + 
Vancomycin initially, with 
Linezolid and Cefdinir for a 
period of time when IV access 
was lost

 Day 4: Culture grew Candida 
albicans, discontinued 
antibiotics and started IV 
fluconazole

 Day 7: CRP continued to rise 
(144.1), fluconazole dc’d, 
started micafungin, restarted 
linezolid + ceftriaxone; repeat 
aspiration of knee (again grew 
Candida albicans)

 Day 7-13: Downtrend of 
CRP to 56.1

 Day 13: Discontinued 
linezolid + ceftriaxone; 
Micafungin continued for 
full 14 day course

 Day 15: CRP 8.7
 Day 16: Repeat aspiration 

of joint fluid – negative for 
any growth

 Day 18: Discharged home
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Admitted and placed on Ceftriaxone and Vancomycin, and when she lost her IV she was covered with Linezolid and Cefdinir. On day 4 the culture grew Candida albicans; at this time antibiotics were discontinued and IV fluconazole was startedDaily CRPs kept climbing, reaching a peak of 144.1 on Day 7. At that time we switched to micafungin, and started antibiotics againAfter this, the CRP began downtrending finally, and the antibiotics were stopped after a repeat aspiration grew Candida once more. The CRP dropped to 8.7, a repeat aspiration was negative for any growth, and DR was discharged home after 14 full days of micafunginOf note she remained afebrile through her hospital stay. Additionally, when she came back for follow up, CRP had dropped to 0.7, and ESR had dropped to 5. She had a full recovery of range of motion. 



Candidal Septic Arthritis

 63% h/o candidemia
 Hematogenous (81%, 

children 90%) vs direct 
inoculation (19%)

 Usually monoarticular
 Knee > Hip > Shoulder
 63% Candida albicans
 Only 13% had fever
 Among children, 70% 

were neonates or infants
CDC/Brinkman 1963
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Review of 112 non-prosthetic case reports that helped to better characterize the various features of this disease. Among the causes of septic arthritis, fungal arthritis occurs infrequently and is most commonly caused by Candida species, followed by Aspergillus among others. Of Candida species, Candida albicans most common (63%), followed by Candida tropicalisThe majority of patients was not neutropenic or immunosuppressed 63% of patients initially had candidemia at some point before arthritis, but only 11% had candidemia at the time of diagnosis of Candida arthritisMechanisms are mostly hematogenous (81%) versus direct inoculation (19%)69% of all the infections were monoarticular, and 75% of the time the infection involved the knee Clinical manifestations included pain and tenderness (82%), edema (71%), limitation of function and movement (39%), erythema (22%). Only 13% had feverIn terms of markers of inflammation:Serum WBC counts were mildly elevated with a median neutrophil count of 45% (compared to two studies of bacterial arthritis that tended to show more of a peripheral neutrophilia of around 60-70%)ESR and CRP were moderately elevatedIn imaging, 42% showed bone destruction, and 31% showed joint effusionIn terms of Pediatrics:The majority (70%) of all pediatric patients with Candida arthritis were neonates and infants



IDSA Candida Guidelines

- 1. Fluconazole daily for 
6 weeks OR 
echinocandin for 2 
weeks followed by 
fluconazole for at least 
4 weeks

- 2. Lipid formulation 
AmB followed by 
fluconazole is a less 
desirable, but 
acceptable alternative

- 3. Surgical drainage is 
indicated in all cases 
of septic arthritis
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IDSA Guidelines: 1. Fluconazole daily for 6 weeks OR echinocandin for 2 weeks followed by fluconazole for at least 4 weeks2. Amphotericin B is another option3. Surgical drainage is indicated in all cases of septic arthritis



When to consider Candida?

 History of Candidemia
 Patient with underlying 

immunosupression, or 
recent neutropenia

 Presence of central 
venous catheters

 Lack of favorable 
response to treatment 
with antibiotics

http://www.life-worldwide.org/fungal-diseases/candida-albicans
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When do you consider a possible candidal infection in your patient with established septic arthritis? Studies have shown the earlier the appropriate treatment, the better. There are certainly certain situations in which a candidal septic arthritis, usually very rare, should be considered. History of candidemia (can occur months after recovery)Immunosuppression (although this is not necessary, of the meta-analysis, only 34% were immunocompromised)Presence of central venous cathetersLack of favorable response to treatment with antibiotics, particularly in neonates and infants



ESR – Erythrocyte Sedimentation Rate 

 Rate of fall of erythrocytes, 
mm/hr

 Inflammation = lower 
electrostatic charge on RBC 
surface

 Part of Kocher criteria
 Better for diagnosis than 

for trending
 Moderately elevated in 

Candidal septic arthritis
http://laboratoryinfo.com/esr/
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So here I want to switch gears a little bit, and talk about inflammatory markers, first because they are incredibly important in the diagnosis and treatment of septic arthritis, but also because I find them totally fascinating. If you think about it, our body usually knows way before we do what’s going on, whether it’s bacterial, viral, fungal, or non-infectious pathologies, it sends out all of these little signals. Us figuring out how to properly use biomarkers is a way to translate this language of inflammation going on in our bodies so we can better treat our patients. To measure ESR, blood is placed in a vertical tube and the rate of fall of erythrocytes is measured.Certain plasma proteins, especially fibrinogen, are able to lower the electrostatic charge on RBC surfaces so they can aggregate, form rouleaux, and fall fasterMany different factors can raise the ESR, including any conditions that raise the fibrinogen or immunoglobulins, abnormally shaped RBCs (for example sickle cell disease), and obesity. There are also numerous factors that can lower the value. ESR tends to increase with age and varies by raceESR is often used in the diagnosis of septic arthritis; it’s actually a part of the Kocher criteria, which include:Non weight bearing on affected sideESR >40Fever >38.5WBC >121 point for each; Score 1 3%, 2 40%, 3 93%, 4 99%ESR in general is a better negative predictor than positive predictor of disease; and normalization of ESR can take up to weeks! Normal ESR <13, though some labs say <20



CRP – C-Reactive Protein

 Binds to “C” 
polysaccharide

 Synthesized by 
hepatocytes

 Peaks 2-3 days, half-life 
19 hours

 Marked increase 
>10mg/dL, most studies 
>20mg/dL

 Use to ensure adequacy 
of therapy, and transition 
to oral therapy
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So for our patient, we used CRP to trend recovery, and actually altered treatment based on CRP counts that were not falling. Was that appropriate to do?It’s called CRP because it binds to the “C” polysaccharide of a bacterial cell wall. It’s made by hepatocytes and it plays various roles in inflammation, though all of the things it does haven’t yet been elucidated.After an inflammatory insult, rises rapidly and peaks at 2-3 days; and it has a half-life of about 19 hours and will drop rapidly after the removal of the stimulus. So basically, with improvement in an inflammatory insult, like septic arthritis that is being adequately treated with antibiotics, you should see a fast dramatic drop in CRP One big study showed that a CRP that failed to drop was an excellent indication of a persistent collection of infection that needed to be drained, and another study used CRP, along with resolving pain, fever, and function, to determine when to transition kids with septic arthritis to oral therapySo after looking at this, we can see it was appropriate for us to alter our treatment for DR based on the rising CRP



Procalcitonin

 Detectable within 4 
hours, half-life 22 to 29 
hours

 In general, only 
increases in presence of 
bacterial infections

 Fungal infections? 
Arthritis?

 Significant potential as a 
biomarker https://www.aacc.org/
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So let’s talk about an inflammatory marker that we did not use in DR, but is showing some serious potential. That’s pro-calcitonin, which has been gaining popularity as a way to confirm or rule out systemic bacterial infections and even dictate whether antibiotics are given in cases where sepsis is suspected. Procalcitonin is an amino acid precursor of calcitonin that is made by cells in virtually all organs when the body is challenged by a bacterial infection. It is detectable within 4 hours, and has a half-life of 22 to 29 hours, which means it may be useful to trend. It is not affected by steroids, and tends to be released only in the presence of bacterial infections, not just any inflammationSeptic vs non-septic arthritisFungal infections? Low sensitivity, especially in local infections. In critically ill pts., low PCT combined with high CRP points toward fungal infectionSignificant promise in septic arthritis but more studies are needed before it can be consistently used for this purpose. 



Novel Inflammatory Markers

 Leukocyte esterase via 
urine dipstick

 PCT in synovial fluid
 TNF-α
 IL-6
 CD-64

http://www.rcsb.org/pdb/explore/explore.do?structureId=1TNF

TNF-α
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- I would be remiss if I didn’t mention other biomarkers of infection that are being studied in the diagnosis of septic arthritisLeukocyte esterase via dipstick, which showed promise as a negative predictorTNF-alphaIL-6CD-64 (an integral membrane protein of white blood cells)



- Baby DR fully recovered
- Likely an exciting future for biomarkers
- New IDSA guidelines Spring 2017

CONCLUSIONS
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Baby DR fully recovered; with complete normalization of CRP and ESR on follow up visit The use of inflammatory markers is not perfect, but I am excited to see the future, and how they can help us get earlier diagnoses to minimize morbidity, and avoid inappropriate use of antibioticsAlso, keep an eye out for the new IDSA guidelines on bone and joint infections in children in Spring of 2017Thanks so much for your time, are there any questions? 



Citations
 Arnold, John C., et al. "Acute bacterial osteoarticular infections: eight-year analysis of C-reactive 

protein for oral step-down therapy." Pediatrics (2012): peds-2012.
 Arnold, John C., and John S. Bradley. "Osteoarticular infections in children." Infectious disease clinics 

of North America 29.3 (2015): 557-574.
 Colvin, Otis C., et al. "Leukocyte esterase analysis in the diagnosis of joint infection: Can we make 

a diagnosis using a simple urine dipstick?." Skeletal radiology 44.5 (2015): 673-677.
 James D. Cherry, Gail J. Harrison, Sheldon L. Kaplan, William J. Steinbach, Peter Hotez. Feigin and 

Cherry's Textbook of Pediatric Infectious Diseases. Philadelphia, PA :Elsevier/Saunders, 2014. Print.
 Dornbusch, H. J., et al. "Procalcitonin—a marker of invasive fungal infection?." Supportive care in 

cancer 13.5 (2005): 343-346.
 Gamaletsou, Maria N., et al. "Candida Arthritis: Analysis of 112 Pediatric and Adult Cases." Open 

forum infectious diseases. Vol. 3. No. 1. Oxford University Press, 2016.
 Gutierrez, Kathleen. "Bone and joint infections in children." Pediatric clinics of North America 52.3 

(2005): 779-794.
 Hugle, T., et al. "Serum procalcitonin for discrimination between septic and non-septic arthritis." 

Clinical & Experimental Rheumatology 26.3 (2008): 453.
 Kushner, I., and S. P. Ballou. "Acute-phase reactants and the concept of inflammation." Firestein G, 

RC RB, Harris E, al e. editors. Kelley’sTextbook of Rheumatology 8 (2008).



Citations Cont.
 Lenski, Markus, and Michael A. Scherer. "Diagnostic potential of inflammatory markers in septic 

arthritis and periprosthetic joint infections: a clinical study with 719 patients." Infectious Diseases 
47.6 (2015): 399-409.

 Long, Sarah S., Larry K. Pickering, and Charles G. Prober. Principles and practice of pediatric 
infectious disease. Elsevier Health Sciences, 2012.

 Luhmann, Scott J., et al. "Differentiation between septic arthritis and transient synovitis of the hip in 
children with clinical prediction algorithms." The Journal of Bone & Joint Surgery 86.5 (2004): 956-
962.

 Maharajan, Karthikeyan, et al. "Serum Procalcitonin is a sensitive and specific marker in the 
diagnosis of septic arthritis and acute osteomyelitis." Journal of orthopaedic surgery and research 
8.1 (2013): 1.

 Oppegaard, Oddvar, et al. "CD64 as a potential biomarker in septic arthritis." BMC infectious 
diseases 13.1 (2013): 1.

 Pääkkönen, Markus, et al. "Sensitivity of erythrocyte sedimentation rate and C-reactive protein in 
childhood bone and joint infections." Clinical Orthopaedics and Related Research® 468.3 (2010): 
861-866.

 Pappas, Peter G., et al. "Clinical practice guideline for the management of candidiasis: 2016 
update by the Infectious Diseases Society of America." Clinical Infectious Diseases (2015): civ933.

 Talebi-Taher, Mahshid, et al. "Septic versus inflammatory arthritis: discriminating the ability of 
serum inflammatory markers." Rheumatology international 33.2 (2013): 319-324.

 Wagner, Scott, and Jefferson Jex. "Delayed Candida albicans Septic Arthritis in a Pediatric Patient 
with Cerebral Palsy." JBJS Case Connector 4.3 (2014): e70.



Neonates and Infants

 <18moa Transphyseal
vessels – increased risk 
of mixed septic arthritis 
+ osteomyelitis

 Reduced rate of blood 
flow – more susceptible 
to seeding

 Thinner periosteum

http://elearning.sumdu.edu.ua/free_content/
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Neonates and infants have a unique osteoarticular and vascular anatomy that makes them more prone to septic arthritis, as well as osteomyelitisIn babies younger than 18 months, there are vessels that travel across the open epiphyseal plate called Transphyseal vessels; these allow communication between the metaphysis, epiphysis, and subsequently the joint space that children older than 18 months would not have. There is also a reduced rate of blood flow within the vessels that makes the area more susceptible to hematogenous seedingThe periosteum is also much thinner in infants, which organisms to extend through the bony cortex to the joint capsule, or directly through the articular cartilage 



ESR and CRP

 Both very sensitive, especially when used together
 ESR = Diagnosis
 CRP = Diagnosis + Trending during treatment
 Neither is very specific
 Negative predictor > Positive predictor
 Candidal arthritis: Both are moderately elevated
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Used together, ESR and CRP are 98% sensitive for septic arthritis. In our case, both ESR and CRP were ordered, and both were elevatedESR is a good diagnostic measurement, but not good for trendingCRP is good for trending during treatment and ensuring adequate therapeutic responseBoth CRP and ESR can be elevated in other inflammatory conditions, which are prominent in the differential of septic arthritis. As such, they tend to be best used in conjunction with other factors, like in Kocher criteria, and are also best used as negative predictors than positive predictors
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