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Collection and Interpretation 
of Laboratory Data

 | Rhea V. Morgan 
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This chapter presents the techniques and procedures for col-
lecting samples for certain laboratory tests (Tables 2-1 to 2-4). 
Normal values and interpretative guidelines are included. (For 
normal physiologic values, see Appendix I.)

 ANION AND OSMOLAL GAPS

Anion Gap

Defi nition

 I. By the law of electroneutrality, the concentration of cir-
culating anions equals that of circulating cations.

 II. Cations and anions are classifi ed as measured or unmeasured.
A. Measured

1. Anions: Cl–, HCO3
–

2. Cations: Na+, K+

B. Unmeasured
1. Anions (UA): albumin, a- and b-globulins, PO4

3–, 
SO4

2–, organic acids, certain toxins and drugs
2. Cations (UC): gamma globulins, Ca2+, Mg2+, certain 

drugs
C. In electroneutrality:

Na+ + K+ + UC = Cl– + HCO3
– + UA

 III. Anion gap is the difference between measured cation and 
anion concentrations.
A. Denotes an alteration in some unmeasured component 

of the equation
B. Anion gap = (Na+ + K+) – (Cl– + HCO3

–)
1. Normal: 12 mEq/L; range: 8 to 16 mEq/L
2. May be increased by either a decrease in UC or an 

increase in UA
3. Is decreased by either an increase in UC or a decrease 

in UA
4. Potassium sometimes deleted from equation because 

of its low, constant concentration

Causes

 I. Causes of increased anion gap
A. Increase in UA
B. Increase in serum lactate, ketoacids, and uremia
C. Certain medications: carbenicillin, penicillin
D. Dehydration: concentrated normal anions
E. Alkalemia
F. Decrease in UC concentrations: Ca2+, Mg2+

G. Increase in serum albumin
H. Toxins: ethylene glycol, methanol, salicylate, paraldehyde

 II. Causes of decreased anion gap
A. Increase in normal cations, especially Ca2+, Mg2+, and 

globulins
B. Retention of abnormal cations (e.g., multiple myeloma)
C. Loss of UA: hypoalbuminemia

Clinical Signifi cance

 I. Increases index of suspicion that unexpected (or un-
measured) cations or anions are present in serum

 II. Allows further defi nition and classifi cation of metabolic 
acidotic states
A. Metabolic acidosis with normal or decreased anion gap 

is usually caused by renal or intestinal loss of bicar-
bonate (hyperchloremic acidosis).

B. Metabolic acidosis associated with an increased anion 
gap may have various causes.
1. Diabetic ketoacidosis
2. Lactic acidosis
3. Ethylene glycol or paraldehyde intoxication
4. Acute renal failure

Osmolal Gap

Defi nition

 I. Osmolal gap is the difference between measured serum 
osmolality and calculated osmolality.

 II. Serum osmolality can be measured with an osmometer.
A. The major osmotically active solutes are Na+, K+, glucose, 

and urea (measured as blood urea nitrogen [BUN]).
B. Normal osmolality is 285 to 300 mOsm/kg.

 III. Calculated serum osmolality is derived from the following 
equation:

2(Na+ + K+) +
 

Glucose
18  

+ 
BUN

3

 IV. A difference of >10 mOsm between the measured and 
calculated values is signifi cant.

Causes

 I. If the calculated value exceeds the measured value, a 
mathematical or laboratory error exists.

 II. If the measured value is normal but the calculated value is 
low, a decrease in serum water is the usual cause.
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18 SECTION 1 | Patient Evaluation

TABLE 2-4

Interpretation of Selected Serologic Tests

DISEASE TEST  INTERPRETATION

Brucellosis A. RSAT A. Good screening test
      False positives occur, so perform further seologic assay to confi rm the 

  diagnosis; a modifi cation of the test (ME-RSAT) using a less mucoid 
(M-) variant of Brucella canis has fewer false positives; it becomes 
positive within 3-4 wk, but false negatives can occur up to 8 wk

 B. Tube agglutination tests B. Most common confi rmatory test
  1. TAT  1. Becomes positive by 3-6 wk
      Titer results:
       1:50 = early or recovering infection
       1:50-1:100 = suspicious
       ≥1:200 = active infection
      Occurrence of false positives similar to RSAT
  2. ME-TAT  2.  Fewer false positives
      Becomes positive 1-2 wk after TAT or 5-8 wk post-infection 
       ≥1:200 = active infection
 C. AGID C. Becomes positive in 8-12 wk
     Very specifi c; used to confi rm diagnosis, especially in chronic cases
     Both somatic and cytoplasmic (CPAg-AGID) tests available, but 
      somatic rarely used
     Results reported as positive, suspicious, or negative
     Repeat in 4-6 wk if fi rst results are suspicious
     May remain positive for 1 yr 
 D. ELISA D. Very specifi c, but less sensitive than TAT tests
     Becomes positive by 4 wk
 E. IFA E. Sensitivity is uncertain, so some infected dogs may be missed
Leptospirosis A. MAT A. Titers <1:400 may be postvaccinal
     Titers >1:800 usually indicate infection
      Paired samples 2-4 wk apart are tested; a fourfold increase in titer is 

 diagnostic
     Tests for serovar groups, not individual serovars
 B. ELISA B. IgM titer: develops after 1 wk
     IgG titer: develops in 2-3 wk
     Vaccinates: high IgG titer with low or negative IgM titer
Feline infectious  A. IFA, ELISA A. Titer >1: 1600 (most laboratories) or fourfold increase over 2-4 wk is
 peritonitis (FIP)     compatible with a positive diagnosis 
     Titer > 1: 240 is inconclusive
      note: This titer cross-reacts with other feline coronaviruses, so is not 

 specifi c for FIP
 B. PCR assay B.  May help confi rm presence of coronavirus in seronegative cats, but 

false negatives can occur and is not specifi c for FIP
Canine parvovirus A. Hemagglutination inhibition,  A. Positive diagnosis:
  ELISA   Single high IgM titer
     Fourfold rise in IgG titer over 2-4 wk; also considered protective
 B. Fecal ELISA or  B. Sensitive and specifi c test
  hemagglutination   Shedding of virus is brief and usually not detected by day 10-12 of 

 infection (day 5-7 of clinical illness)
     Vaccination produces false positives 5-12 days after administration

RSAT, Rapid slide agglutination test; TAT, tube agglutination test; ME-TAT, 2-mercaptoethane TAT; AGID, agar-gel immunodiffusion; ELISA, enzyme-linked 
immunosorbent assay; IFA, indirect immunofl uorescence antibody; MAT, microscopic agglutination test; IgM, immunoglobulin M; IgG, immuoglobulin G; PCR, 
polymerase chain reaction; FIP, feline infectious peritonitis.
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TABLE 2-4

Interpretation of Selected Serologic Tests—cont’d

DISEASE TEST  INTERPRETATION

Ehrlichiosis  A. IFA A. Becomes positive in 7-28 days
 (Ehrlichia canis)     Titer >1:80 is considered positive in endemic areas
      Any measurable titer (>1:10) is signifi cant in dogs in nonendemic areas
      Submit a second sample 2-3 wk later if suspicious case is negative on 

 fi rst sample
     Titers persist for 6-9 mo after infection 
      Cross-reactivity occurs with Neorickettsia spp., Helminthoeca spp., and 

 other ehrlichial agents
 B. Western immunoblotting  B. Detects antibodies 2-8 days after exposure
  assay  Can distinguish E. canis from E. ewingii 
 C. PCR assay C.  Positive within 4-10 days
      In the future, it may be able to distinguish active infection from titers 

 that persist following successful treatment of disease
Rocky Mountain  A. Indirect immunofl uorescence A. Submit acute and convalescent titers 2-3 wk apart
 spotted fever  test (Micro-IF) or ELISA   Titer ≤1:64 = normal
  for IgG  Titer ≥1:1024 in East, ≥1:25 in West = infected 
     Fourfold increase in titers is diagnostic
     False negatives occur early in disease
     Titers may stay elevated (1:128) for 5-10 mo
 B. Micro-IF or ELISA for IgM B. Decreases within 4-8 wk
     Single high titer indicates active infection
 C. Latex agglutination C. Sensitivity lower than Micro-IF tests
     Single high titer (≥132) is diagnostic
 D. PCR assay D. Can be run on both whole blood and tissues
     Nested PCR more sensitive in treated dogs
Borreliosis (Lyme  A. IFA, ELISA A. Titers are diffi cult to interpret and may indicate exposure rather than
 disease)     active infection
      Can cross-react with other bacteria, especially other Borrelia spp. and 

 Leptospira spp.
     Symptomatic dogs usually have titers >1:128
     Measure IgG and IgM titers simultaneously
      Fourfold increase in paired samples submitted 2-4 wk apart is supportive
     IgG titers become positive in 4-6 wk and persist for ≥2 yr
     IgM titers may persist for several months
      Titers do not distinguish postvaccinal responses from actual infection
 B. Western immunoblotting assay B.   Can distinguish postvaccinal responses from actual exposure/infection 

and identify false negatives
 C. ELISA for specifi c outer  C. Antibodies to OspA and OspB indicate post-vaccinal response
  surface proteins (Osp)  Antibodies to OspC indicate active infection
      C6 assay way indicate active infection and help assess response to 

 treatment
Toxoplasmosis A. IHA A. Becomes positive in 2 wk; detects IgG
     Relatively insensitive, not species specifi c
     Fourfold rise in titer over 2-3 wk supportive
 B. LAT, MAT B. Become positive in 2 wk, detects IgG
     MAT more sensitive 
     Positive results: LAT > 1:64 
       MAT > 1:100
     Fourfold rise in titer over 2-3 wk supportive
     Test may be applied to aqueous humor or CSF

IHA, Indirect hemagglutination; LAT, latex agglutination test; CSF, cerebrospinal fl uid.
Continued
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TABLE 2-4

Interpretation of Selected Serologic Tests—cont’d

DISEASE TEST  INTERPRETATION

 C. IFA for IgM, IgG C. False positives occur
     IgM elevated within 1-2 wk and IgG detectable after 2 wk
      Single high IgM titer (1:64), with negative IgG titer, implies active 

 infection
     Fourfold increase in titers over 2-5 wk supportive
     Test may be applied to aqueous humor or CSF
 D. ELISA for IgM, IgG D. More sensitive than IHA or LAT
     IgM titer >1.256, with negative IgG titer, implies active infection
     IgM is detected within 1-2 wk
     IgG is detectable in approximately 2-4 wk
     Fourfold increase in titers over 2-3 wk supportive
     Test may be applied to aqueous humor or CSF
 E. All tests E.  note: Use caution when interpreting results; antibodies can occur in 

the sera of both healthy and diseased cats; therefore serologic tests 
alone do not confi rm the presence of disease; titers may persist for 
months to years following infection

Blastomycosis A. AGID A.  If positive, dog has 91% chance of having active disease but test may be 
negative in acute stages

 B. ELISA B. May be more sensitive than AGID in cats
     Accuracy and sensitivity poorly defi ned
Cryptococcosis A. LAT A. Cat: Titer >1:12 indicative of active infection
     Dog: Any positive result indicative of infection
     False negatives can occur with localized disease
      False positives possible with contamination of assay; test cross-reacts 

 with Trichosporon spp.
      Titers correlate well with extent and course of disease, and response to 

 therapy
     May be assayed in serum, urine, CSF
 B. PCR B. May be performed on tissues
     May be assayed in serum, urine, CSF
Coccidioidomycosis A. TP test A. Becomes positive in 2-6 wk
      Detects IgM; is a qualitative test and fades quickly (within 4-6 wk)
 B.  CF test B. Detects IgG and appears in 8-10 wk
     Titer ≤1:4 = negative
     Titer ≥1:16 = suspicious, chronic, or localized disease
     Titer ≥1:32 = active disease
      Rise or drop in titer corresponds well with clinical course, but titers 

 remain elevated for months after treatment or disease arrest
 C. LAT C. Measures IgM, so detects acute infection
     Some false positives in dogs
 D. AGID-TP, AGID-CF D. More sensitive assays
     AGID-TP detects IgM; AGID-CF detects IgG
 E. ELISA E. Available for detection of both IgM and IgG
     Some false positives in dogs; cross-reacts with blastomycosis
Histoplasmosis A. CF titer Neither test is considered reliable in dogs and cats for defi nitive diagnosis
 B. Skin histoplasmin test
Aspergillosis A. AGDD A. False positive rate of 6%; cross-reacts with Penicillum spp.
 B. CIE B. Up to 15% false-positive results
 C. ELISA C. Less reliable than AGDD or CIE
 D.  PCR assay D. Used experimentally; clinical availability  limited 
      note: Some infected dogs never seroconvert; false negative rate is 

 higher when only one antigen tested 

TP, Tube precipitin; CF, complement fi xation; AGDD, agar gel double diffusion; CIE, counterimmunoelectrophoresis.
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 III. An unmeasured osmole is suggested when both values are 
elevated and a signifi cant gap exists.
A. Mannitol, glycerin
B. Sorbitol, acetone
C. Ethylene glycol, alcohol
D. Myeloma protein, hyperlipidemia
E. Infused hyperosmotic solutions
F. Activated charcoal containing propylene glycol and 

glycerol (Burkitt et al., 2005)

Clinical Signifi cance

 I. Directs attention to laboratory errors
 II. Detects presence of unmeasured osmoles (e.g., ethylene 

glycol)
 III. Can be used to confi rm hyperproteinemia and hyper-

lipidemia
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