
Need for methodological 
development!
Immune responses vary within and between animals 
geographically, temporally, and for a variety of reasons, 
including reproductive condition, energy expenditure 
and intake, infection status, etc. Within the past decade 
alone, an appreciation of how changes in host immunity 
can contribute to disease has become of increasing 
interest to both ecologists and evolutionary biologists 
alike, giving rise to the field of ecological immunology. 
Immunology has become an important area of both 
ultimate and proximate investigation by biologists as a 
means for understanding changes in disease 
susceptibility, as well as the physiological mechanisms 
that mediate these changes. However, a lack of tools has 
led ecologists to rely on coarse measures of immune 
function (Adamo 2004; Norris and Evans 2000; Sheldon 
and Verhulst 1996). Nonspecific markers like secretory 
IgA, C-reactive protein and others, are difficult to 
interpret because they may be elevated for a number of 
reasons not necessarily indicative of illness or chronic 
stress. This shortcoming, especially in human biology 
research, must be addressed through the development of 
1) multiple functionally relevant measures of 
immunocompetence 2) from samples collected 
noninvasively and 3) not influenced by previous 
pathogen exposure (i.e., innate responses), current sub-
clinical infection or acute fluctuations in activity, diet, 
affect, etc.!

Noninvasive techniques 
From saliva and oral mucosal transudates!
•  Cytokines (TNF, IL-1, IL-6 and IL-8) (Arellano-Garcia 

et al. 2008; Groer et al. 2010)!
•  Soluble tumor necrosis factor alpha receptor II 

(Nishanian et al. 1998)!
•  Beta-2 microglobulin and neopterin (Nishanian et al. 

1998)!
•  Antibodies (Gallo et al. 1997; Rowhani-Rahbar et al. 

2009)!
•  Salivary mucin glycoprotein MG2 (Antonyraj et al. 

1998)!
•  Palate Lung Nasal Clone family of proteins (Bingle et 

al. 2009)!
•  Psoriasin (Meyer et al. 2008)!
•  Calprotectin (Cuida et al. 1995)!
•  Histatin 5 (Edgerton and Koshlukova 2000)!
•  Peroxidase/myeloperoxidase (Thomas et al. 1994)!
•  Lysozyme (During et al. 1999)  !
•  Lactoferrin (Bellamy et al. 1992!
•  Secretory IgA (Kerr 1990)!
!
From exhaled breath condensate!
•  Cytokines (Sack et al. 2006) !
!
From urine!
•  Cytokines (IFN, IL-6 and IL-8) (Hu et al. 2009)!
•  Beta-2 microglobulin and neopterin (Bagnato et al. 

2003)!
•  Elastase (Mania-Pramanik et al. 2004)!
•  Urinary trypsin inhibitor (Jortani et al. 2004)!
•  Leucocytes and nitrites via dipsticks (Mori et al. 2010)!
!
From feces!
•  Intestinal parasite, bacterial and viral loads !
•  Cytokines (Ko et al. 2006)!
•  Lactoferrin (Venkataraman et al. 2003)!
!
From blood spots!
•  Cytokines (Skogstrand et al. 2005)!
•  Epstein-Barr virus antibodies (McDade et al. 2000)!
•  C-reactive protein (McDade et al. 2004) !
•  Immunoglobulin E (Blackwell et al. 2010) !

Bacteria killing assay!
Bacterial phagocytosis and growth inhibition have been 
used to evaluate the functions of human sera and cells 
(Peterson et al. 1985). Ecological immunologists later 
adapted these antimicrobial assays (Keusch et al. 1975) for 
use in nonhuman animals (Forsman et al. 2010; Martin et 
al. 2003; Tieleman et al. 2005; Liebl and Martin 2009; Millet 
et al. 2007, Matson et al. 2006). The assay involves mixing 
serum or whole blood with a standard number of live 
bacteria, incubating the samples overnight on agar, 
quantifying the remaining microbes, and comparing to 
reference plates (bacteria without sample). The 
assumption is that more antimicrobial activity is 
advantageous for the host.!
!
This assay reflects a complex measure of innate immunity 
involving the integrative actions of leukocytes (Keusch et 
al. 1975), natural antibodies (Ochsenbein et al. 1999), the 
complement system (Esser 1994; Nordahl et al. 2004), 
lysozyme (Selsted and Martinez 1978), and other 
antimicrobials (Merchant et al. 2003) to kill bacteria and 
inhibit growth. In fact, the antimicrobial activity of whole 
blood in humans has been demonstrated to predict 
susceptibility to a variety of bacterial and fungal infections 
(Keusch et al. 1975). !
!
Similar properties should be present in human saliva. In 
this case, complement-mediated opsonization, 
phagocytosis and lysozyme activity could be augmented 
by the properties of other antimicrobials identified in 
human saliva, including sIgA, beta-2 microglobulin, 
neopterin, cytokines, mucin glycoprotein MG2, the Palate 
Lung Nasal Clone family of proteins, psoriasin, 
calprotectin, histatin 5, peroxidase/myeloperoxidase, and 
lactoferrin.!
!

Choice of bacteria!
Staphylococcus aureus ATCC#6538 is susceptible to 
phagocytosis, but is less resistant to complement than is E. 
coli (Millet et al. 2007).!
!
!
!
!
Haemophilus influenzae ATCC#51907 is partially resistant to 
complement-mediated killing (Williams et al. 2001).!
!
!
!
!
Neisseria meningitides ATCC#13090 is largely resistant to 
complement-mediated killing (Schneider et al. 2007).!
!
!
!
!
Escherichia coli ATCC#8739 is sensitive to complement-
mediated lysis (Horowitz and Silverstein 1980; Forsman et 
al. 2010, Matson et al. 2006, Millet et al. 2007, Rubenstein et 
al. 2007, Tieleman et al. 2005). !

!
!
Determination of killing times 
and sample dilutions!
Three AM saliva samples and one AM serum sample were 
obtained from each of twenty healthy men and twenty 
healthy women. Samples were always run in triplicate, 
stored at -80°C, thawed only once, with positive and 
negative plates included in each run. 30, 60, 120 and 240 
minute killing times were evaluated as were saliva 
dilutions of 1:1, 1:2 and 1:4 and serum dilutions of 1:1, 
1:10, 1:15, 1:20, 1:30 and 1:40.!
!
Serum samples killed both Neisseria and Haemophilus, but 
saliva samples grew other mouth-borne bacteria, making 
plates impossible to read. Chocolate agar and test broth 
were also deemed too expensive for additional trials. !
!
For E. coli, a 30 min killing time was optimal with a 1:2 
saliva or 1:40 serum dilution. For Staph, a 240 min killing 
time was optimal with a 1:1 saliva or 1:2 serum dilution. 
Given that Staph plates yield much higher colony counts, 
E. coli was chosen for further studies. !
!
!
!

Current protocol!
•  Reconstitute lyophilized E. coli pellet in 40ml of 

warm PBS for 30min to yield stock solution of 
bacteria. Vortex and add 1ml of this stock solution to 
9ml of PBS and vortex to yield working solution of 
bacteria. !

•  For the negative control, add 20μl PBS to 200μl 
media. For the positive control, add 20μl of working 
bacteria solution to 200μl media.!

•  Prepare saliva: thaw and centrifuge for 10min at 
1500xg. Dilute 1:2 in glutamine-enriched CO2-
independent media.!

•  Add 20μl of working bacteria solution to 200μl of 
diluted saliva, vortex and incubate for 30 minutes.!

•  Pipet 50μl of each sample in triplicate into the center 
of a trypticase soy agar plate. !

•  Flame-sterilize a bacteria spreader, then spread the 
solution evenly over plate.!

•  Cover plates and incubate upside-down at 37°C 
overnight in atmospheric conditions.!

•  Count number of colonies that form on agar 
overnight.!

•  To determine killing capacity, divide the mean of 
replicates of each sample by the mean of positive 
controls x 100 (giving % bacteria killed relative to 
positive control).!

!
Required materials:!
•  Trypticase soy agar plates!
•  Phosphate buffer solution, 1 molar !
•  Glutamine-enriched CO2-independent media!
•  E. coli  ATCC#8739 (Epower #0483E7 from 

MicroBioLogics)!
•  Biological safety cabinet!
•  Incubator!
•  Microcentrifuge tubes, Falcon tubes, pipet helper, 

serological pipets, pipetter, tips, personal protective 
equipment, bleach, bacteria spreaders, ethanol, 
Bunsen burner!
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Development of a noninvasive salivary measure of functional immunity in humans!

Sample storage conditions!
Four aliquots were obtained simultaneously from each of 
five healthy men and five healthy women. Samples were 
stored at room temperature, refrigerated, or frozen at 
-20°C. Samples run after a single thaw. Wilcoxon Signed 
Rank test revealed significant difference in percent killing 
only between room temperature and freezing (16% in RT, 
39% in freezer; S = -18.5, p = 0.027).!
!
!

Freeze/thaw cycles!
Five aliquots were obtained simultaneously from each of 
five healthy men and five healthy women. Samples were 
frozen at -80°C; aliquots were thawed completely one to 
five times each.!
!
!
!
!
!
!

!
!
!

!
Diurnal variation!
Matched AM and PM samples were obtained from each of 
twenty healthy men and twenty healthy women (three 
days of sampling each). Samples were frozen at -80°C and 
run after a single thaw. Paired t-test revealed no 
significant difference between AM or PM groups in 
percent killing (AM = 71%, PM = 69%; t = 0.74, p = 0.465).!
!
!

Daily variation!
Five AM samples were obtained from each of five healthy 
men and five healthy women. Samples were frozen at 
-80°C and run after a single thaw. !

!
!
!
!
!
!
!

Salivary flow!
Simultaneous ten minute passive drool was obtained from 
each of five healthy men and five healthy women. Four 
individuals were classified as low secretors (ave 2.33ml) 
and six as high secretors (ave 7.45ml). Samples were 
frozen at -80°C and run after a single thaw. Wilcoxon 
Mann-Whitney test revealed no significant difference 
between groups in percent killing (23% in low, 32% in 
high; U = 23, p = 0.917).!
!
!

Gender!
Three AM samples were obtained from each of twenty 
healthy men and twenty healthy women. Samples were 
frozen at -80°C and run after a single thaw. Independent t-
test revealed no significant difference between AM or PM 
groups in percent killing (male = 71%, female = 71%; t = 
-0.03, p = 0.974).!
!
!
!
!
!
!
!
!
!
!
!
!
!
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Punch line: Because it measures the 
ability to eliminate an actual pathogen, 
this assay provides a functionally 
relevant measure of immunity that 
involves the actions of complement, 
lysozyme, antibodies and phagocytic 
cells, and is therefore a more 
appropriate, noninvasive measure of 
immunity than those currently 
employed in human biology."


