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Operating clinical analyzers within recommended param-
eters can be challenging during outbreak response. Using 
the Piccolo Xpress point-of-care blood chemistry analyzer 
on guinea pig blood, we found that values of many ana-
lytes are still readily comparable when samples and reagent 
discs are handled at various conditions outside of manufac-
turers recommendations.

Blood chemistry analyses are useful for guiding patient 
care. However, following manufacturer-recommended 

handling and storage conditions can be challenging in areas 
with underdeveloped infrastructure, as experienced in past 
and ongoing Ebola outbreak response (1). To investigate 
the utility of data from samples or reagent discs handled 
under suboptimal conditions, we evaluated 14 conditions 
outside of manufacturers recommendations by using Strain 
13/N guinea pig blood and plasma samples. Animal pro-
cedures were approved by the Centers for Disease Control 
and Prevention Institutional Animal Care and Use Com-
mittee and conducted at an AAALAC-International–ac-
credited facility.

Samples were run on the Abaxis Piccolo Xpress 
Chemistry Analyzer (https://www.abaxis.com; quality con-
trol with Abbot General Chemistry controls and verifica-
tion sample, https://www.fishersci.com/shop/products/pic-
lpd-pls-gen-chm-ct-2x6x1ml/07p0401a). This platform is 
a compact and portable Clinical Laboratory Improvement 
Amendments–approved automated point-of-care system 
for whole blood, serum, and plasma (2). This platform, 
together with the General Chemistry 13 reagent disc used 
here, is widely used in past and ongoing Ebola outbreak re-
sponses (3–6) and in laboratory research on viral pathogen-
esis, therapeutics, and vaccine efficacy (7–9). All samples 
were collected in the recommended lithium heparin (LiH) 
tubes, except as indicated.

We determined intrinsic variation of each analyte un-
der recommended conditions by running 31 samples on 2 



different machines simultaneously or on 1 machine sequen-
tially (represented as mean percentage change ± SD). We 
then evaluated 2 blood collection anticoagulants, 8 sample 
storage conditions, and 4 reagent disc storage conditions. 
Overall, >200 samples from 93 guinea pigs (48 males, 45 
females; 7 were <1 month of age, 24 were 1–3 months, 
8 were 4–6 months, 16 were 7–12 months, 17 were 1–2 
years, 11 were 2–3 years, and 10 were >3 years), from 
healthy animals or animals with noninfectious chronic dis-
ease (e.g., renal failure) were analyzed.

We first evaluated the effect of anticoagulants on sam-
ple analytes. Blood was collected and then partitioned from 
the syringe into paired samples stored in LiH (baseline), 
EDTA, or sodium citrate. Deviations from baseline were 
determined and expressed as mean percentage differences 
(Table). As expected, because of the chelating action of 
EDTA, assay reactions involving cationic substrates (Ca2+, 
alkaline phosphatase) generated no values or were greatly 
altered, although values of several analytes remained closely  
comparable to baseline. Values from samples collected in 

sodium citrate were uniformly lower than those collected 
in LiH.

To assess effects of sample storage temperatures on 
data output, we conducted similar analyses on whole blood 
stored overnight at –20°C, −4°C, or room temperature 
(≈20°C–22°C) and on plasma stored overnight at -20°C, 
room temperature, or 32°C. In general, plasma was more 
resistant to suboptimal temperatures; values for most ana-
lytes were comparable with paired control. Although data 
from whole blood samples varied more, many analytes 
(creatinine, alanine aminotransferase, alkaline phospha-
tase, total bilirubin) remained within ± 1 SD of baseline 
values. This finding is useful in situations where centrifug-
ing blood samples might not be possible. For application to 
high-containment studies, we also evaluated the utility of 
data from plasma stored overnight at –20°C and γ-irradiated 
(5 × 106 rads) before analysis. Under these conditions, 
6 of 12 analytes varied by >1 SD from expected range,  
suggesting that samples should be processed before inacti-
vation by γ-irradiation.
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Table. Mean percentage change of clinical chemistry values obtained on the Piccolo Xpress Chemistry Analyzer from blood samples 
or reagent discs processed under various conditions that deviated from the manufacturer recommendations* 

Condition  
No. 

tested 
Percentage change compared with baseline 

GLU BUN CRE CA ALB TP ALT AST ALP TBIL GGT AMY 
Sample collection             
 WB in EDTA† 15 3.0 0.2 0.8 ERR 4.1 3.0 1.4 10.9 93.2 0.6 21.0 1.7 
 WB in Na citrate† 18 30.0 23.3 20.8 59.1 31.0 34.4 36.5 23.6 38.1 6.9 31.3 0.5 
Sample handling              
 WB 4C O/N† 13 19.2 1.2 9.4 1.0 2.3 0.0 1.6 20.1 2.5 1.9 227.3 0.0 
 WB RT O/N† 16 76.4 1.7 4.7 2.0 4.2 4.9 0.1 37.7 9.3 0.6 572.3  1.2 
 WB 32C O/N† 16 92.6 8.9 6.4 0.7 4.1 6.3 0.2 64.0 10.5 1.8 489.0 2.8 
 WB 20C O/N† 3‡ ERR ERR ERR ERR ERR ERR ERR ERR ERR ERR ERR ERR 
 PL† 35 0.4 1.1 13.2 1.2 1.1 0.1 2.8 1.5 2.1 4.7 11.1 0.1 
 PL RT O/N§ 15 0.4 2.9 11.3 0.3 4.1 1.9 0.4 1.8 3.3 4.8 1.5 0.5 
 PL 32C O/N§ 18 0.2 6.1 12.2 0.1 6.2 2.2 5.5 2.1 0.6 3.9 0.2 0.5 
 PL 20C O/N§ 14 1.1 0.4 3.9 2.4 0.6 1.6 2.5 4.0 5.9 3.6 0.0 0.5 
 PL 20C O/N +  
 -irradiation§ 

16 0.3 3.4 11.3 2.5 0.0 4.9 12.3 13.2 15.8 1.6 15.8 0.5 

Disc handling              
 WB + disc RT 7 d† 15 3.4 1.1 3.6 1.4 0.9 0.6 3.0 2.2 2.9 2.2 36.6 1.2 
 WB + disc 32C 5 d† 12 4.3 0.5 56.7 0.3 1.3 0.8 4.1 1.8 7.6 7.5 22.0 1.7 
 WB + disc 32C 14 d†¶ 7‡ 0.9 ERR ERR 1.8 8.0 0.5 5.3 0.2 ERR 0.0 0.5 0.5 
 WB + disc 32C 5 wk† 2‡ ERR ERR ERR ERR ERR ERR ERR ERR ERR ERR ERR ERR 
Intrinsic variation              
 1 SD  3.0 2.8 18.3 1.5 3.1 1.8 8.9 4.0 13.2 16.6 20.3 1.8 
 2 SD  5.9 5.7 36.5 3.1 6.2 3.7 17.7 8.1 26.5 33.3 40.6 3.7 
Reference values#  143  

16 
mg/dL 

20.5  
3.3 

mg/dL 

0.32  
0.2 

mg/dL 

11.4  
0.5 

mg/dL 

2.9  
0.2 

g/dL 

5.4  
0.3 

g/dL 

27  
6 

U/L 

46  
15 
U/L 

43  
15 
U/L 

0.3  
0.04 

mg/dL 

10  
3 

U/L 

1,149 
 131 
U/L 

*All analytes were quantified with the Piccolo General Chemistry 13 reagent discs (https://www.abaxis.com). Baseline values were obtained from aliquots 
of the same samples run according to manufacturer’s recommendations for comparison. Values in white cells varied by <1 SD; values in light gray cells, 
by 1–2 SD; and values in dark gray cells, by >2 SD from the determined % intrinsic variation derived from analysis of samples run either sequentially on 
the same machine or in parallel on different machines.  indicates -irradiated at 5  106 rads. ALB, albumin; AMY, amylase; ALP, alkaline phosphatase; 
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CA, calcium; CRE, creatinine; ERR, analyte, sample, or disc 
error; GGT, -glutamyltransferase; GLU, glucose; Na, sodium; O/N, overnight; PL, plasma; RT, room temperature; TBIL, total bilirubin; TP, total protein; 
WB, whole blood. An expanded version of this table is available online (https://wwwnc.cdc.gov/EID/article/25/6/18-1928-T1.htm). 
†Baseline sample: WB. 
§‡Smaller sample size tested because tests did not function at indicated condition.  
‡§Baseline sample: PL. 
¶Only subset of discs (7 of 10) generated values; remainder generated no values because of disc error. 
#Reference values for strain 13/N guinea pigs 50–900 d of age, expressed as mean  SD (10). 

 



Finally, we assessed effects of storing reagent discs at 
room temperature or 32°C for varying lengths of time. Al-
though discs must be refrigerated when stored >48 hours, all 
values obtained from discs stored at room temperature for 
a week were within ± 1 SD of controls, except glucose and 
γ-glutamyltransferase (± 1–2 SD). Data from discs stored at 
32°C for 5 days were similarly comparable with baseline; we 
observed deviations in glucose, γ-glutamyltransferase, and 
creatinine. Discs stored at 32°C for 14 days were unreliable; 
many generated no values or a “disc error” message. Howev-
er, values read from discs that did not result in an error mes-
sage were all within expected limits. All discs stored at 32°C 
for 5 weeks generated error messages. These findings sug-
gest that although extended storage at elevated temperatures 
substantially damages discs, discs stored at these conditions 
for up to 2 weeks might still yield clinically relevant data.

In summary, we found that under various suboptimal 
conditions, many analytes are still readily comparable 
(within ± 1 SD of intrinsic variation) to those from paired 
samples handled according to the manufacturer’s recom-
mendations. In addition, the pattern of values that deviate 
from baseline is often consistent (e.g., glucose decreases) 
and may be considered in clinical evaluation. Although 
we used SDs to highlight deviation here, the clinical im-
plication of these findings will vary based on the analyte 
and condition being monitored. We believe these findings, 
based on guinea pig samples, enabling us to efficiently 
sample a large population and process under controlled 
conditions, are translatable to other species, including 
humans, because the equivalent veterinary point-of-care 
platform (VetScan VS2) is also disc-based and uses com-
parable assay chemistry. However, the possibility for 
some species differences remains and should be consid-
ered for future investigations.

Acknowledgments
We thank the staff of the Comparative Medicine Branch,  
Division of Scientific Resources, National Center for Emerging 
and Zoonotic Infectious Diseases, Centers for Disease  
Control and Prevention, for assistance with colony husbandry 
and maintenance, and Tatyana Klimova for assistance in editing 
the manuscript.

This study was supported in part by the CDC Emerging  
Infectious Disease Research Core funds.

About the Author
Dr. Spengler is a veterinary medical officer with the Viral 
Special Pathogens Branch, Division of High-Consequence 
Pathogens and Pathology, National Center for Emerging and 

Zoonotic Infectious Diseases, CDC. Her research interests 
include model development and translational research on 
pathogenesis and therapeutic interventions for diseases caused 
by hemorrhagic fever viruses.

References
  1. Carazo Perez S, Folkesson E, Anglaret X, Beavogui A-H,  

Berbain E, Camara A-M, et al. Challenges in preparing and  
implementing a clinical trial at field level in an Ebola emergency:  
a case study in Guinea, West Africa. PLoS Negl Trop Dis. 
2017;11:e0005545. http://dx.doi.org/10.1371/journal.pntd. 
0005545

  2. Murata K, Glaser L, Nardiello M, Richardson S, Ramanathan LV, 
Carlow DC. Analytical performance of the Abaxis Piccolo Xpress® 
point of care analyzer in whole blood, serum, and plasma. Clin 
Biochem. 2015;48:1344–6. http://dx.doi.org/10.1016/ 
j.clinbiochem.2015.08.002

  3. de Wit E, Rosenke K, Fischer RJ, Marzi A, Prescott J,  
Bushmaker T, et al. Ebola laboratory response at the Eternal Love 
Winning Africa campus, Monrovia, Liberia, 2014–2015. J Infect 
Dis. 2016;214(suppl 3):S169–76. http://dx.doi.org/10.1093/infdis/
jiw216

  4. de Wit E, Kramer S, Prescott J, Rosenke K, Falzarano D,  
Marzi A, et al. Clinical chemistry of patients with Ebola in  
Monrovia, Liberia. J Infect Dis. 2016;214(suppl 3):S303–7.  
http://dx.doi.org/10.1093/infdis/jiw187

  5. Sissoko D, Laouenan C, Folkesson E, M’Lebing A-B,  
Beavogui A-H, Baize S, et al.; JIKI Study Group. Experimental 
treatment with favipiravir for Ebola virus disease (the JIKI trial): a 
historically controlled, single-arm proof-of-concept trial in Guinea. 
PLoS Med. 2016;13:e1001967. 2 Errata in: PLoS Med. 2016. 
http://dx.doi.org/10.1371/journal.pmed.1001967

  6. Hunt L, Gupta-Wright A, Simms V, Tamba F, Knott V, Tamba K,  
et al. Clinical presentation, biochemical, and haematological  
parameters and their association with outcome in patients with 
Ebola virus disease: an observational cohort study. Lancet Infect 
Dis. 2015;15:1292–9. http://dx.doi.org/10.1016/ 
S1473-3099(15)00144-9

  7. Bradfute SB, Swanson PE, Smith MA, Watanabe E, McDunn JE, 
Hotchkiss RS, et al. Mechanisms and consequences of ebolavirus-
induced lymphocyte apoptosis. J Immunol. 2010;184:327–35. 
http://dx.doi.org/10.4049/jimmunol.0901231

  8. Geisbert TW, Mire CE, Geisbert JB, Chan Y-P, Agans KN,  
Feldmann F, et al. Therapeutic treatment of Nipah virus infection  
in nonhuman primates with a neutralizing human monoclonal  
antibody. Sci Transl Med. 2014;6:242ra82. http://dx.doi.org/ 
10.1126/scitranslmed.3008929

  9. Geisbert TW, Jones S, Fritz EA, Shurtleff AC, Geisbert JB,  
Liebscher R, et al. Development of a new vaccine for the  
prevention of Lassa fever. PLoS Med. 2005;2:e183.  
http://dx.doi.org/10.1371/journal.pmed.0020183

10. Genzer SC, Huynh T, Coleman-McCray JD, Harmon JR,  
Welch SR, Spengler JR. Hematology and clinical chemistry  
reference intervals for inbred strain 13/N guinea pigs (Cavia 
porcellus). J Am Assoc Lab Anim Sci. 2019 Apr 22 [Epub ahead of 
print]. http://dx.doi.org/10.30802/AALAS-JAALAS-18-000118

Address for correspondence: Jessica R. Spengler, Centers for Disease 
Control and Prevention, 1600 Clifton Rd NE, Mailstop H18-SB, Atlanta, 
GA 30329-4027, USA; email: jspengler@cdc.gov

1240 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 25, No. 6, June 2019

RESEARCH LETTERS



Page 1 of 1 

Article DOI: https://doi.org/10.3201/eid2506.180296 

Suboptimal Handling of Piccolo Samples or Reagent Discs for Consideration in Ebola Response

Appendix 

Appendix Table. Percentage change of clinical chemistry values obtained on the Piccolo Xpress Chemistry Analyzer from blood samples or reagent discs processed under various conditions deviating from manufacturer’s recommendations* 

Condition No. tested GLU BUN CRE CA ALB TP ALT AST ALP TBIL GGT AMY 

Sample collection 

WB in EDTA† 15 3.0 

(13.8 to 7.0) 

0.2 

(5.6 to 6.3) 
0.8 

(33.3 to 50.0) 

ERR 4.1 

(3.7 to 12.5) 
3.0 

(10.9 to 1.9) 

1.4 

(11.8 to 11.4) 

10.9 

(28.8 to 51.9) 
93.2 

(94.3 to 92.4) 

0.6 

(25.0 to 33.3) 

21.0 

(75.9 to 100.0) 
1.7 

(5.2 to 4.9) 

WB in Na citrate† 18 30.0 

(55.5 to 22.5) 

23.3 

(40.9 to 14.3) 

20.8 

(50.0 to 0.0) 

59.1 

(63.4 to 55.4) 

31.0 

(53.6 to 25.0) 

34.4 

(59.6 to 29.6) 

36.5 

(65.5 to 15.4) 

23.6 

(47.6 to 13.3) 

38.1 

(52.3 to 13.9) 

6.9 

(33.3 to 33.3) 

31.3 

(51.7 to 19.2) 

0.5 

(0.8 to 0.3) 

Sample handling 

WB 4C O/N† 13 19.2 

(38.5 to 7.7) 

1.2 

(5.0 to 5.9) 
9.4 

 (33.3 to 50.0) 

1.0 

 (4.3 to 4.9) 

2.3 

 (13.3 to 3.4) 

0.0 

 (2.1 to 2.3) 

1.6 

(26.5 to 25.8) 

20.1 
(9.1 to 48.3) 

2.5 

(12.7 to 3.2) 

1.9 

(25.0 to 0.0) 

227.3 
(50.0 to 750.0) 

0.0 

(3.8 to 6.4) 

WB RT O/N† 16 76.4 

(93.2 to 39.1) 

1.7 

 (5.9 to 5.9) 
4.7 

 (57.1 to 66.7) 

2.0 

 (5.0 to 6.2) 
4.2 

 (10.0 to 4.5) 

4.9 
 (0.0 to 13.0) 

0.1 

(14.3 to 28.6) 

37.7 
(14.8 to 97.5) 

9.3 

(65.0 to 9.1) 

0.6 

(25.0 to 33.3) 

572.3 (55.6 to 
2328.6) 

1.2 

(4.5 to 8.3) 

WB 32C O/N† 16 92.6 

(93.5 to 91.8) 

8.9 
 (0.0 to 15.8) 

6.4 

 (60.0 to 66.7) 

0.7 

 (5.4 to 4.5) 
4.1 

 (18.4 to 3.2) 

6.3 
 (2.0 to 15.7) 

0.2 

(26.9 to 25.7) 

64.0 

(29.6 to 207.5) 
10.5 

(35.6 to 1.3) 

1.8 

(25.0 to 0.0) 

489.0 
(0.0 to 750.0) 

2.8 
(1.5 to 4.9) 

WB 20C O/N† 3§ ERR ERR ERR ERR ERR ERR ERR ERR ERR ERR ERR ERR 

PL† 35 0.4 

 (7.7 to 5.4) 

1.1 

 (7.1 to 21.7) 

13.2 

 (33.3 to 100.0) 

1.2 

 (3.1 to 4.5) 

1.1 

 (3.8 to 11.1) 

0.1 

(3.9 to 5.8) 

2.8 

 (10.8 to 40.0) 
1.5 

 (23.2 to 76.7) 

2.1 

 (59.3 to 31.3) 

4.7 

(25.0 to 33.3) 
11.1 

 (66.7 to 62.5) 

0.1 

(4.2 to 2.7) 

PL RT O/N‡ 15 0.4 

 (1.5 to 4.7) 

2.9 

 (2.0 to 8.7) 
11.3 

 (40.0 to 50.0) 

0.3 

 (11.2 to 5.0) 
4.1 

 (13.0 to 4.0) 

1.9 
 (0.0 to 5.8) 

0.4 

 (11.5 to 7.1) 

1.8 

 (5.7 to 9.1) 
3.3 

 (25.6 to 19.4) 

4.8 

(25.0 to 33.3) 

1.5 

 (1.7 to 5.1) 
0.5 (0.8 to 0.3) 

PL 32C O/N‡ 18 0.2 

 (4.1 to 4.4) 

6.1 
 (0.0 to 15.4) 

12.2 

 (40.0 to 50.0) 

0.1 

 (19.6 to 3.6) 
6.2 

 (13.8 to 3.7) 

2.2 

 (3.7 to 6.1) 
5.5 

 (19.4 to 23.5) 

2.1 

 (6.1 to 15.0) 
0.6 

 (22.2 to 33.3) 

3.9 
(0.0 to 33.3) 

0.2 

 (4.0 to 4.5) 
0.5 

(0.8 to 0.3) 

 Plasma 20C 
O/N‡ 

14 1.1 

 (5.0 to 1.7) 

0.4 

 (5.0 to 5.3) 
3.9 

 (40.0 to 33.3) 

2.4 

 (7.7 to 0.0) 

0.6 

 (13.0 to 8.3) 

1.6 

 (5.8 to 2.2) 

2.5 

 (16.7 to 35.3) 

4.0 

 (5.7 to 16.1) 
5.9 

 (31.4 to 25.6) 

3.6 

(25.0 to 0.0) 

0.0 

(3.5 to 4.5) 
0.5 

(0.8 to 0.3) 

 PL 20C O/N + -
irradiation‡ 

16 0.3 

 (3.0 to 10.6) 

3.4 

 (2.0 to 13.6) 

11.3 

 (50.0 to 100.0) 

2.5 

 (5.6 to 10.5) 

0.0 

 (13.0 to 11.1) 
4.9 

 (90.6 to 13.7) 

12.3 

 (42.3 to 19.0) 

13.2 

 (20.8 to 0.0) 

15.8 

 (38.1 to 23.1) 

1.6 

(25.0 to 33.3) 
15.8 

(19.7 to 5.2) 

0.5 

(0.8 to 0.3) 

Disc handling 

WB + disc RT 7 
d† 

15 3.4 

 (6.0 to 0.7) 

1.1 

 (4.5 to 11.1) 
3.6 

 (60.0 to 66.7) 

1.4 

 (2.6 to 0.0) 

0.9 

 (3.3 to 9.7) 

0.6 

(2.0 to 3.9) 

3.0 

 (19.2 to 18.2) 

2.2 

 (13.2 to 21.9) 
2.9 

 (19.7 to 8.3) 

2.2 
(0.0 to 3.3) 

36.6 

(16.7 to 183.3) 

1.2 

(1.2 to 6.8) 

WB + disc 32C 5 
d† 

12 4.3 

 (11.8 to 1.4) 

0.5 

 (5.0 to 6.3) 

56.7 

 (25.0 to 150.0) 

0.3 

 (0.9 to 1.8) 

1.3 

 (3.7 to 7.4) 

0.8 

 (2.4 to 3.9) 
4.1 

 (19.5 to 30.6) 

1.8 

 (7.3 to 11.4) 

7.6 

 (4.4 to 44.8) 
7.5 

 (25.0 to 0.0) 

22.0 

(15.4 to 66.7) 

1.7 

(1.0 to 5.1) 

 WB + disc 32C 
14 d¶ 

7§ 0.9 

 (4.1 to 0.7) 

ERR ERR 1.8 

 (2.6 to 0.9) 

8.0 

 (12.0 to 6.5) 

0.5 

 (1.8 to 0.0) 

5.3 

 (5.6 to 17.6) 
0.2 

 (2.2 to 3.6) 

ERR 0.0 
 (0.0 to 0.0) 

0.5 

(6.3 to 7.7) 
0.5 

(0.8 to 0.3) 

 WB + disc 32C 5 
wk† 

2§ ERR ERR ERR ERR ERR ERR ERR ERR ERR ERR ERR ERR 

Intrinsic variation 

1 SD 3.0 2.8 18.3 1.5 3.1 1.8 8.9 4.0 13.2 16.6 20.3 1.8 

2 SD 5.9 5.7 36.5 3.1 6.2 3.7 17.7 8.1 26.5 33.3 40.6 3.7 

Reference values# 143  16 
mg/dL 

20.5  3.3 mg/dL 0.32  0.2 mg/dL 11.4  0.5 mg/dL 2.9  0.2 
g/dL 

5.4  0.3 
g/dL 

27  6 
U/L 

46  15 
U/L 

43  15 
U/L 

0.3  0.04 mg/dL 10  3 
U/L 

1,149  131 U/L 

*All analytes were quantified with the Piccolo General Chemistry 13 reagent discs (https://www.abaxis.com). Baseline values were obtained from aliquots of the same samples run according to manufacturer’s recommendations for comparison. Values represent mean and range of percentage change. Mean values in green cells varied by <1 SD; mean values in 

blue cells, by 1–2 SD; and mean values in red cells, by >2 SD from the determined % intrinsic variation derived from analysis of samples run either sequentially on the same machine or in parallel on different machines.  indicates -irradiated at 5  106 rads.ALB, albumin; AMY, amylase; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate 

aminotransferase; BUN, blood urea nitrogen; CA, calcium; CRE, creatinine; ERR, analyte, sample, or disc error; GGT, -glutamyltransferase; GLU, glucose; Na, sodium; O/N, overnight; PL, plasma; RT, room temperature; TBIL, total bilirubin; TP, total protein; WB, whole blood.
†Baseline sample: WB 
‡Baseline sample: PL
§Smaller sample size tested because tests did not function at indicated condition. 
¶Only subset of discs (7 of 10) generated values; remainder generated no values because of “disc error” (ERR).

#Reference values for strain 13/N guinea pigs aged 150–900 d, expressed as mean  SD (10).
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