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GAS-LIQUID CHROMATOGRAPHIC ANALYSIS OF 
SYNOVIAL FLUID 

Succinic Acid and Lactic Acid as Markers for Septic Arthritis 

DAVID G. BORENSTEIN. CHRISTINA A. GIBBS, and ROBERT P. JACOBS 

Nonvolatile short-chain fatty acids from 80 syno- 
vial fluids were quantified by gas-liquid chromatogra- 
phy. Succinic acid was detectable in all 23 septic synovi- 
a1 fluids infected with either gram-positive or gram- 
negative organisms and in only 5 of 57 nonseptic 
synovial fluids. Lactic acid was present in all of the 
effusions but was correlated with septic arthritis only 
when present in concentrations greater than 250 mg% . 
Neither short-chain fatty acid was more sensitive than 
high white blood cell counts (>50,000 mm3) or de- 
pressed glucose concentration (<40 mg/dl) in diagnosing 
septic arthritis before antibiotic therapy; however, the 
detection of succinic acid was helpful in identifying 
patients with septic arthritis who had been given antibi- 
otic treatment before arthrocentesis. Thus, gas-liquid 
chromatography, a rapid and sensitive method for the 
detection of short-chain fatty acids, may complement 
the currently available methods used to diagnose septic 
arthritis. 

Septic arthritis is the most rapidly destructive 
disease ofjoints. Infections may occur in normal joints 
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or injoints damaged by primary articular diseases such 
as rheumatoid arthritis or gout. When septic arthritis 
complicates another inflammatory joint disease, acute 
joint symptoms may be attributed to the underlying 
disease, thereby delaying appropriate therapy. 

Septic arthritis must be suspected on clinical 
grounds and the diagnosis confirmed by the demon- 
stration of organisms on smear or culture. The diagno- 
sis cannot, however, always be confirmed by these 
laboratory methods (1). Previous antibiotic therapy, 
an incomplete microscopic examination, and inade- 
quate culture technique are some explanations for the 
errors made when these methods are used. One addi- 
tional limitation is the time required for positive identi- 
fication of organisms by in vitro culture, which further 
delays the start of specific antibiotic therapy, even in 
patients in whom septic arthritis is suspected on 
clinical grounds. Thus, the availability of a rapid and 
reliable diagnostic test that can differentiate septic 
from nonseptic inflammatory synovial fluid would be a 
valuable clinical tool. Gas-liquid chromatography 
(GLC) is a readily available laboratory methodology 
that seems to fulfill the requirements of such a diag- 
nostic test. 

GLC is available in most hospitals with either 
an anaerobic microbiology or a clinical chemistry 
laboratory. GLC techniques are used routinely in the 
speciation of anaerobic organisms (2) and have been 
reported to be useful in the detection of bacteria in 
blood cultures (3) and other body fluids (4), including 
septic synovial fluid (5). The identification of bacteria 
is made possible by the presence of characteristic 
bacterial metabolites, including short-chain fatty acids 
(SCFA), which can be detected and quantified by 
GLC. 
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Table 1. Diagnoses of 80 patients studied 

Nonseptic Nonseptic 
Septic inflammatory noninflammatory 

(n = 23)* (n = 39) (n = 18) 
- Rheumatoid arthritis 5 10 

Alcoholism 3 - - 
Diabetes mellitus 2 - - 
Systemic lupus 

erythematosus 1 - - 
Osteoarthritis 1 
No previous illness 11 - - 
Gout - 1 1  
Reiter's syndrome - 7 - 
Pseudogout - 3 - 
Psoriatic arthritis - 2 
Miscellaneous7 - 6 
Trauma 5 

- 13 

- 

- 
- 

- - 

* n = number of patients in this clinical category. 
'r This category included: 4 patients with inflammatory polyarthritis 
(unspecified), 1 patient with inflammatory bowel disease, and 1 with 
polyarteritis nodosa. 

We have used GLC to study SO synovial fluids 
from patients with a variety of septic and  nonseptic 
joint diseases in an attempt to  identify characteristic 
patterns of nonvolatile SCFA; these patterns may 
provide a rapid and sensitive diagnosis of septic arthri- 
tis. Our results indicate that GLC is useful in the  
identification of joint sepsis and  may complement 
currently available methods used to diagnose septic 
arthritis. 

PATIENTS AND METHODS 
Eighty patients were evaluated between July 1978 

and October 1980. The patients were classified by clinical 
criteria into 3 groups: those with septic, nonseptic inflamma- 
tory, and nonseptic noninflammatory diseases. The diag- 
noses of patients in these groups are listed in Table I .  

A diagnosis of septic arthritis was confirmed by 
positive results on a synovial fluid culture, positive results 
on a genitourinary tract culture for Neisseria gonorrhoeae, 
or positive results from a Gram stain (Table 2). Two patients 
included in the septic group had clinical and laboratory 
findings that were consistent with septic arthritis, including a 
definite response to antibiotics, but negative results on 
synovial fluid cultures and Gram stains. Fifteen septic 
synovial fluids were obtained before antibiotic therapy. 
Eight septic synovial fluids, 4 gram-positive, 4 gram-nega- 
t h e  (including 3 with gonococcal infections) were obtained 
1-9 days after the start of antibiotic therapy. Primary diag- 
noses of patients in the septic group are listed in Table 2 .  

Patients in the inflammatory group had clinical and 
laboratory findings that were consistent with their specific 
diagnoses listed in Table 1 and sterile synovial fluid on 
culture. The noninflammatory group consisted of patients 
with osteoarthritis or trauma. Synovial fluids were sterile on 
culture in this group as well. 

All arthrocenteses were performed for diagnostic or 
therapeutic reasons. All fluids were cultured in hospital 
clinical microbiology laboratories. Cell counts, crystal, pro- 
tein, and glucose determinations were done on remaining 
fluid when it was available. GLC determinations were done 
on initial synovial fluid samples if multiple specimens were 
obtained from a patient. 

Extraction procedure. Synovial fluids were centri- 
fuged at 500g at 4°C for 10 minutes to remove cellular and 
particulate elements. Supernatant fluids were removed and 
analyzed immediately or stored at -70°C. The extraction 
procedure was a modification of the VPI Anaerobic Labora- 
tory Manual method for extracting SCFA (2). In brief, 0.1 
mg benzoic acid (internal standard), 2 ml methanol, and 0.5 
ml 10N sulfuric acid were added to 1 ml of cell-free synovial 
fluid. The mixture was stoppered and heated at 60°C for 30 
minutes. After the mixture was cooled, 1 ml water and 0.5 ml 
chloroform were added. The mixture was agitated for 1 
minute, then centrifuged at 1,500g at room temperature for 4 
minutes. A 3-pl sample was taken from the bottom (chloro- 
form) layer and analyzed by GLC. 

GLC analysis. A Hewlett Packard 5730A gas chro- 
matograph (Hewlett Packard Co, Avondale, PA), equipped 
with a flame ionization detector, was used in these studies. A 
6-footx4-mm internal diameter glass column was packed 
with 15% SP 1220/1% H3P04 on 100/120 chromosorb W 
AW. Routine analysis conditions were: injection block, 
250°C; detector port, 300°C; oven isothermal, 125°C. Air, 
hydrogen, and nitrogen flows were 240, 60, and 60 mV 
minute, respectively. A Hewlett Packard 3380A integrator 
(at slope sensitivity 0.03) recorded retention times and 
absolute amounts of fatty acids compared with the internal 
standard. A standard mixture of nonvolatile fatty acids, 
including pyruvic, lactic, oxalic, malonic, methyl malonic, 
fumaric, and succinic acids (Supelco Co, Bellafonte, PA), 
and benzoic acid (internal standard) were used to standard- 
ize retention times and quantitation of fatty acids before each 
run. Approximately I hour was required to complete an 
analysis. 

Statistical analysis. Chi-square tests of significance 
with Yates corrections were calculated for the presence of 
fatty acids in patient groups. Mean levels of fatty acids were 

Table 2. Confirmation of septic arthritis diagnosis 

Neisseria 
Confirmation Gram-positive Gram-negative gonorrhoeae 

test (n = 15)* (n = 1)  (n = 7) 
- Postive culturest 13 6 

Positive Gram 1 1 

Antibiotic response 

* n = the number of patients in this category. 
t In the gram-positive group, the positive cultures were: Staphylo- 
coccus aureus (9 patients), Streptococcus pyogenes (2 patients), 
Streptococcus group B (1 patient), and Streptococcus pneumoniae 
(1 patient). In the Neisseria gonorrhoeae group, positive cultures 
were from the synovial fluid (3 patients) and genitourinary tract (3 
patients). 

stain only 

only 1 I 

(coccal forms) (bacillary forms) 

- 
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Table 3. Nonvolatile short-chain fatty acids in synovial fluids 

Fatty acids 

Disease category 
Noninflammatory (n = I8)t 

Number with acid (%) 
Range, mg% 
Mean, mg% 

Number with acid (%) 
Range, mg% 
Mean, mg% 

Septic (n = 23) 
Number with acid (%) 
Range, mg% 
Mean, mg% 

Inflammatory (n = 39) 

Pyruvic 

2 (11%) 
2.4-4.7 

0.4 

2 (5%) 
3.5-3 .I 

0.2 

3 (13%) 
2.0-6.5 

0.6 

Lactic Oxalacetic Oxalic Malonic* Fumaric S u c c i n i c 

18 (100%) 
1-170 
56 

39 (loo%) 
11-404 

78 

23 (100%) 
43-472 
2059 

1 (4%) 
187 
8.1 

14 (77%) 
0.4-10.7 

2.1 

30 (77%) 
0.9-11.1 

2.3 

14 (60%) 
0.1-5.9 

1.6 

16 (88%) 
0.9-5 .O 

2.3 

30 (77%) 

1.9 

17 (73%) 
0.2-3.3 

1 .o 

0.4-7.8 

0 
0 
0 

1(3%) 
0.2 
0.01 

0 
0 
0 

0 
0 
0 

5 (13%) 

0.06 

23 (loo%)$ 

0.517 

0.18-1.2 

0.02-1.5 

* Includes methyl malonic acid. 
t n = number of patients in this clinical category. 
$ Association with septic arthritis (P 5 0.000l). 
9 Increased mean level ( P  5 0.001). 
7 Small numbers do not allow statistical analysis. 

tested for significance by F-tests or t-tests. When a signifi- 
cant F was detected, pairwise t-tests were calculated. 

RESULTS 
Nonvolatile short-chain fatty acids identified in 

the 80 synovial fluids are listed in Table 3. Noninflam- 
matory fluids contained lactic, oxalic, malonic, and 
methyl malonic acids. Pyruvic acid was detected infre- 
quently; oxalacetic, fumaric, and succinic acids were 
absent. Nonseptic inflammatory fluids had a similar 
SCFA pattern to that seen in the noninflammatory 
group, except for 5 fluids with detectable succinic acid 
and 1 with fumaric acid. 

Septic fluids had a pattern of SCFA that was 
significantly different from that seen in the other 2 
groups. Although all fluids contained oxalic, malonic, 
and methyl malonic acids, septic fluids were charac- 
terized by an increased mean concentration of lactic 
acid and the uniform presence of detectable succinic 
acid. 

Lactic acid was detected in all synovial fluids 
studied (Figure 1). The mean concentration of lactic 
acid in septic synovial fluids (205 mg%, range 43-472 
mg%) was significantly higher than the concentration 
of lactic acid in the nonseptic inflammatory group (78 
mg%, range 11-404 mg%; P < 0.001) and the nonsep- 
tic noninflammatory group (56 mg%, range 7-70 mg%; 
P < 0.001). There was no difference in the mean 
concentration of lactic acid in the 2 nonseptic groups. 

The mean concentration of lactic acid in synovi- 
a1 fluids that were infected with gram-positive, gram- 
negative other than gonococcal, and gonococcal or- 

ganisms was 244, 77, and 142 mg%, respectively. 
Patients with gonococcal infections with positive re- 
sults on cultures from synovial fluid or genitourinary 
tract had similar synovial fluid lactic acid concentra- 
tions. Eight synovial fluids from patients who had 
received antibiotics at the time of arthrocentesis had 
lower concentrations of lactic acid than were found in 
untreated patients. The concentrations of lactic acid in 
the antibiotic-treated group were similar to those seen 
in synovial fluids from the nonseptic groups. 

Fluids with lactic acid concentrations greater 
than 250 mg% were associated with the septic group (P  
I: 0.001). Eight of 23 septic fluids (7 gram-positive and 
1 gonococcal) had lactic acid concentrations greater 
than 250 mg%, but only 3 of 57 nonseptic fluids 
reached this level. 

In Figure 2, the concentrations of succinic acid 
in the 80 synovial fluids studied are shown. All pa- 
tients with septic arthritis had detectable succinic acid 
with a mean concentration of 0.51 mg% (range 0.02- 
1.5 mg%). Succinic acid was detected in only 5 of 39 
fluids in the nonseptic inflammatory group and none of 
the 18 fluids in the nonseptic noninflammatory group. 
The range of concentrations of succinic acid in the 
nonseptic inflammatory group was 0.18-1.2 mg%. 
Three of the 5 fluids in this group with detectable 
succinic acid had concentrations of less than 0.20 
mg%, but all septic fluid obtained before antibiotic 
therapy had succinic acid levels greater than 0.2 mg%. 
Both patients with concentrations of succinic acid 
greater than 0.2 mg% had acute gouty arthritis. The 
absence of detectable succinic acid in nonseptic syno- 
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Figure 1. Lactic acid concentrations for 80 synovial fluids. Open circles represent synovial fluids taken from patients 
before antibiotic therapy. Closed circles represent synovial fluids taken from patients during antibiotic therapy. Mean 
concentrations are designated by horizontal lines. GC = gonococcal; RA = rheumatoid arthritis: DJD = degenerative 
joint disease. 

vial fluid from the 10 patients with rheumatoid arthritis 
is notable. 

The mean concentration of succinic acid in 
synovial fluid infected with gram-positive, gram-nega- 
tive other than gonococcal, and gonococcal organisms 
was 0.65, 0.17, and 0.26 mg%, respectively. Patients 
who had gonococcal infections with positive results on 

cultures from synovial fluid or genitourinary tract had 
similar synovial fluid succinic acid concentrations. 
The concentrations of succinic acid in the fluids from 
the antibiotic-treated group were lower than those of 
septic fluids before therapy. 

Synovial fluid data are listed in Table 4. In 
septic synovial fluid there were increased white blood 

0 

GRAM+ GC 
c( 
0 
SORIE DJD TRAUMA 

SEPTIC ARTHRITIS INFLAMMATORY ARTHRITIS NON-INFLAMMATORY 
ARTHRITIS 

Figure 2. Succinic acid concentrations for 80 synovial fluids. Open circles represent synovial fluids taken from patients 
before antibiotic therapy. Closed circles represent synovial fluids taken from patients during antibiotic therapy. Mean 
concentrations are designated by horizontal lines. See Figure 1 legend for definitions of abbreviations. 
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Table 4. Synovial fluid characteristics 

Mean total Mean glucose, Mean 
protein, gm% mg% W BC/mm3 * 

(range) (range) (range) 
Noninflammatory (n = 18)* 3.8t 96 2,884 

Inflammatory (n = 39) 4.6 97 16,684 

Septic (n = 23) 4.5 397 120,333# 

(2.2-5.0) (60-130) (60- 1 8,OOOt) 

(2.9-7.0) (21-225) (2209-70,000) 

(3.4-5.7) (0-2 13) (24,000-380,000) 

* WBC = white blood cell count; n = number of patients. 
t Decreased mean level ( P  5 0.003). 
t Patient with meniscal tear. 
9 Patient with pseudogout. 
lI Decreased mean level (P 5 0.0001). 
# Increased mean level (P 5 0.0001). 

cells, increased protein, and decreased glucose levels. 
There was, however, an overlap in the range of values 
among the septic, nonseptic inflammatory, and non- 
septic noninflammatory groups. Correlations of de- 
tectable succinic acid, lactic acid concentrations great- 
er than 250 mg%, synovial fluid white blood cells 
(WBC), and glucose in the septic, nonseptic inflamma- 
tory, and nonseptic noninflammatory groups are listed 
in Table 5. Synovial fluid obtained from patients with 
septic arthritis before antibiotic therapy were charac- 
terized by detectable succinic acid, lactic acid greater 
than 250 mg%, WBC greater than 50,000/mm3, and 
glucose less than 40 mg% in most instances. There- 
fore, standard laboratory parameters of WBC and 
glucose were sufficient to diagnose septic arthritis in 
this group of patients (6). In the group with septic 
arthritis who received antibiotics before arthrocente- 
sis, a minority of patients had synovial fluid WBC or 
glucose findings consistent with infection. The detec- 

Table 5. Correlations of synovial fluid laboratory data (%)* 

tion of succinic acid, however, was helpful in identify- 
ing patients with septic arthritis who had received 
antibiotics before arthrocentesis. In the nonseptic in- 
flammatory group, synovial fluid from 5 patients had 
detectable succinic acid. Of this group, 3 of 5 fluids 
had WBC counts less than 50,000/mm3, and none had 
glucose concentrations less than 40 mg%. Thus, by 
low WBC counts and normal glucose concentrations, 
we could identify these uninfected patients with de- 
tectable succinic acid. Succinic acid was undetectable 
in 1 patient with Reiter’s syndrome whose sterile 
synovial fluid had WBC and glucose findings that were 
consistent with infection. 

DISCUSSION 
Gas-liquid chromatography is a rapid and sensi- 

tive method for detecting nonvolatile short-chain fatty 
acids in synovial fluid. In our study, we have identified 

~ ~ ~~ ~ 

White blood 
cell 

White blood Glucose? > 50,000/mm3 
Succinic Lactic acid cellt < 40 plus glucose 

Disease category acid > 250 mg% > 50,000/mm3 mg% < 40 mg% 
- 
Septic 

Before therapy 100 53 92 64 64 
(n = 15) 

(n = 8) 

(n = 39) 

(n = 18) 

During therapy 100 0 37 40 0 

Nonseptic inflammatory 13 8 10 9 3 

Nonseptic noninflammatory 0 0 0 0 0 

* Percentage of total synovial fluids in each category. n = number of patients. 
t Synovial fluid values suggestive of septic arthritis (Reference 6). 
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a characteristic pattern of SCFA in synovial fluids 
obtained from patients with confirmed septic arthritis, 
including gram-positive and gram-negative infections. 
No differences in the pattern of SCFA were detected 
in synovial fluid obtained from patients who had a 
variety of nonseptic inflammatory and noninflamma- 
tory joint diseases. 

Lactic acid has been suggested as a diagnostic 
marker for septic arthritis (7-8). Seifert (7) reported 
elevated concentrations of lactic acid in 7 patients with 
septic arthritis. In the same study, lactic acid was not 
detected in 61 synovial fluids from patients with in- 
flammatory and noninflammatory arthropathies. 

Brook (8) reported elevated lactic acid concen- 
trations in 27 cases of nongonococcal septic arthritis 
compared with those of gonococcal, nonseptic inflam- 
matory, and degenerative arthritis. The range of lactic 
acid concentrations in the nongonococcal septic group 
was 48-2,500 mg%, compared with 18-50 mg% in the 
gonococcal septic group and 8-62 mg% in the nonsep- 
tic inflammatory group. In this study, an increased 
lactic acid concentration was helpful in identifying 
patients with nongonococcal septic arthritis. Gonococ- 
cal arthritis or nongonococcal septic arthritis in pa- 
tients who had received antibiotic therapy could not be 
identified by lactic acid determinations. 

Lactic acid data from our study are similar to 
those previously reported (8). Patients with septic 
arthritis had a significantly higher mean concentration 
of lactic acid than patients with nonseptic inflamma- 
tory and noninflammatory joint diseases ( P  < 0.001). 
Lactic acid concentrations greater than 250 mg% were 
associated with septic arthritis (P 5 0.001). However, 
synovial fluids from patients with gonococcal arthritis 
or nongonococcal septic arthritis who had received 
previous antibiotic therapy had lactic acid concentra- 
tions similar to synovial fluid from patients with non- 
septic inflammatory or noninflammatory arthritis. 
Therefore, concentrations of lactic acid less than 250 
mg% did not allow us to differentiate among patients 
from the septic, nonseptic inflammatory, and nonsep- 
tic noninflammatory groups. Absolute concentrations 
of lactic acid were lower in our study compared with 
those of Brook (8), a finding that may be explained by 
the increased sulfuric acid concentration used in our 
derivatization process. Increased sulfuric acid concen- 
trations will yield larger amounts of dimethylsuccinate 
but decrease the conversion of lactic acid to its methyl 
ester (9). 

The presence of succinic acid as a marker for 
infected body fluids has been reported previously 

(3,10,11). Gorbach (10) reported the presence of ele- 
vated (1.18 mg% or greater) succinic acid concentra- 
tions in all 20 clinical specimens of infected body fluid 
caused by a mixed flora of aerobic and anaerobic 
bacteria. In 18 infected specimens, including 2 synovi- 
a1 fluids infected with aerobic bacteria, he failed to 
demonstrate significant concentrations of succinic 
acid. Gorbach suggested that the elevated concentra- 
tions of succinic, isobutyric, and butyric acids might 
be indicative of gram-negative anaerobic infections. 

Ladas (1 1) reported SCFA data in 18 infected 
clinical samples. In contrast to Gorbach’s study, suc- 
cinic acid was detected in samples infected with aero- 
bic as well as anaerobic bacteria. Aerobic bacteria 
associated with the production of succinic acid includ- 
ed Staphylococcus aureus, Escherichia coli, Klebsiel- 
la pneumoniae, and Proteus mirabilis. Ladas suggest- 
ed that the detection of succinic acid in a clinical 
specimen was evidence for the presence of aerobic or 
anaerobic bacteria. Similar results were reported by 
Wust (3) in a study of SCFA in 147 blood cultures. 
Increased concentrations of succinic acid were detect- 
ed in blood cultures infected with a wide variety of 
gram-positive and gram-negative organisms. There 
were no blood cultures infected with gonococci. An- 
aerobic bacteria were associated with succinic acid 
concentrations greater than 5.9 mg%. 

In our study, succinic acid was present in all 
synovial fluid samples infected with gram-positive and 
gram-negative organisms. Succinic acid was detected 
in synovial fluids from patients with gonococcal arthri- 
tis who had positive results on a culture from either 
synovial fluid or the genitourinary tract and in fluids 
from patients with septic arthritis who had received 
antibiotic therapy before arthrocentesis. These find- 
ings suggest that a diagnosis of septic arthritis can be 
made in the presence of antibiotic therapy despite 
negative results on cultures, WBC counts, and glucose 
concentrations that are inconsistent with that diagno- 
sis. The species of the infecting organisms cannot be 
determined by our methods, thus the selection of 
antibiotic therapy must remain a clinical decision. 

Succinic acid was detected in 5 of 57 (8%) 
nonseptic synovial fluids, including 3 of I 1  patients 
with gout, 1 of 7 with Reiter’s syndrome, and 1 of 2 
with psoriatic arthritis. Except for 2 patients with 
acute gouty arthritis, a succinic acid concentration 
greater than 0.2 mg% is most closely associated with 
septic arthritis. The patients with nonseptic synovial 
fluid and detectable succinic acid had synovial fluid 
WBC counts and glucose concentrations that were 
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inconsistent with septic arthritis. Thus, by WBC and 
glucose findings, we identified uninfected synovial 
fluids with detectable succinic acid. 

The sources of SCFA in synovial fluid are 
multiple. Increased lactic acid production by syno- 
vium has been demonstrated in patients with inflam- 
matory joint disease (12-13) and in response to ex- 
tracts from gram-negative bacteria (14). Many of the 
short-chain fatty acids reported in this study are 
essential components of human metabolism. Perhaps 
some alteration in the metabolism of the synovium 
secondary to the inflammatory process explains the 
presence of detectable succinic acid in the 5 patients 
with nonseptic inflammatory fluids. Lactic and succin- 
ic acid are products of the metabolism of a wide 
variety of aerobic and anaerobic bacteria (15). Thus, in 
septic synovial fluids, the fatty acids detected by gas- 
liquid chromatography are probably the results of both 
bacterial and host metabolic processes. 
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