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FOREWORD 

It is the intent of this publication to familiarize those 

Ä/"“ ed"catlon “it» ‘he results of the researeh 

(iS-W9 5Th^sS'ofX e?4 MeaiCal Resear0h Unit »“• ^ 
at the reports herL contained ^ 
appreciation of investigative work and ^ w 1 ! great'r 
sciences. The environnant in âSïh^he c?.S T? ? the ^31°81 
by a description of the researchu^it. k ÍS b6 portrayed 

etiol^y »'^d'methods^of^reventio^and'contro^of ^ T* ej)ideBiiol°^ ^ 
diseases of the respiratory tract &CUte 

ofíerin^field^rialB t0 the research clerks in 

service School 0*2““ d^Mosp'iS! ^-148 

80 InSviSjT^ho 2.‘f22tteceu2lv^Ch<^\°0n3lStS °f ^^«"ately 
ranks. The sc^tilS Je Slv ^cl^T0" “d ^ fields. widely recognized as experts in their 

as the Worl^Health ^“tiS^ÍL“? 8UCh oreani2atlor 
versities of Chicago minô^ M,lí „In8titUteE °f «»»H*. Uni- 
South Dakota and Wisconsin, and MnJ o^e“^^!™’ T8,“a8see- 
Armed Forces Epldemiologicil Bo^il,ÍÜIÍT , th<! 
acute respiratoiy diseases, streptococcus 2| ^i°"tí°2UeDIa’ 

conduSínT^elT^ee^gniZ0“^“' Cl'rk8 ln the Pro«EE 
a means to an end in thÎLlî^s' hS' ^48 ^ not 
larger programa ca. -i a 1 arc pilot studies for much 

^î22*ti2i2rpi2HcH^rHrtk*’''>‘k'f^»“^h‘ 
math oda n4rodUced to ‘"a and principé Ä ^se'Sch“1' 

Robert 0. Peckinpaugh 
Captain, MC USN 
Commanding Officer 



PREFACE 

This report includes papers presented by the research clerks 
assigned to the Naval Medical Research Unit No. U (NAMRU-4) in 1969 » 
giving the details of the laboratory investigations which they under¬ 
took. These young officers in the Naval Reserve were in medical school 
when they reported for 60 days of active duty. Due to limitations of 
time, preliminary plans and scientific designs for the studies were 
made for the clerks by their preceptors. However, insofar as possible, 
the clerks selected the divisions in which they wished to work and they 
chose their specific projects from among numerous alternatives. 

At NAMRU-U, the clerks experience the various important steps 
involved in research work, including: (l) review of the pertinent 
literature, (2) planning the work, (3) collection of specimens, 
(4) laboratory procedures, (5) collection of data, (6) analysis of 
data, and (7) preparation of the final report. Close supervision 
and direction were given the clerks during their work in order to 
insure their knowledge of the objectives and techniques needed to 
accomplish the study. Each paper was reviewed by the respective 
preceptors, but changes were kept to a minimum. 

In order to broaden the clerks' experience, additional oppor¬ 
tunities were offered. There were weekly seminars, a field trip, 
and a formal lecture series, given by members of the Scientific 
Department. The lectures included selected topics in biochemistry, 
biometrics, epidemiology, immunology, microbiology and virology 
which were intended to be of particular interest to the clerks. 

It is hoped that the ideas and techniques learned were a use¬ 
ful supplement to the medical education of each officer, as well as 
a helpful introduction to service in the Naval Medical Corps . 

David P. Johnson 
Lieutenant Canmander, MC USNR 
Editor 
1969 Research Clerkship Reports 
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THE EFFECT OF pH OF THE MEDIUM ON THE ISOLATION AND SUBCULTIVATION OF 

MYCOPLASMA PNEUMONIAE* 

Ensign Jonn C. Cacioppo 
Loyola University Stritch School of Medicine 

Preceptor: William H. Kraybill 
Neoplasma Research Division 

%coplasma pneumoniae is a capricious organism, notorious for its 
slow growth and difficulty of isolation on artificial media. Several 
factors can affect the isolation and propagation of this tiny organism 
from the human oropharynx. Among the essential factors are: type of 
media (agar or fluid); pH of the media; atmospheric environment (aero¬ 
bic or anaerobic); and added serums or inhibitors. When a PPLO agar 
plate is inoculated with a throat culture, the resulting colonies may 
vary as to species of mycoplasma. Since at least 5 of these may be 
present, methylene blue chloride is added as an inhibitor to insure 
isolation and propagation of only the M. pneumoniae species (l). 

The pH of the basal agar media as one of these essential determi¬ 
nants has been studied by Shepard and Lunceford (2). They found that 
human nçrcoplasma could be cultivated in agar or fluid media over a 
rather broad pH range, but the optimal level of pH for the medium 
appeared to be primarily species dependent. For example, M. sali vari urn 
grew best from pH 5.5 to 6.5. T-strain nycoplasmas were best recovered 
at pH 6.0 in agar. M. pneumoniae optimal isolation was dependent upon 
a pH of 8.0. Concerning pH in a more recent study, Kraybill and Craw¬ 
ford state: "The pH factor has been shown to be important for propagat¬ 
ing and isolating mycoplasmas . We found that the optimum pH for iso¬ 
lation of M. pneumoniae was 7.0 to 8.0, while the optimum for oropharyn¬ 
geal species other than M. pneumoniae was pH 6.0 to 7.0" (3). 

During the past 20 years , M. pneumoniae has emerged as an important 
pathogen of the human respiratory tract. It was originally recovered 
from filtered throat washings of patients with cold-agglutinin-positive 
primary atypical pneumonia (PAP) (h). Pioneering in this field was 
W. D. Eaton, after whom this nonbacterial form of pneumonia was named 
(Eaton agent pneumonia), and the species involved, M, pneumoniae, was 
dubbed Eaton’s agent. 

»From Research Project No. MR 005.09-0009, Bureau of Medicine and 
Surgery, Navy Department, Washington, D. C. 
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"In I960, evidence of the disease obtained from Marine recruits 
by Chanock and associates indicated an etiological relationship 
of Eaton agent to cold-agglutinin-positive variety of nonbac- 
terial pneumonia. Eaton's agent has since been identified as a 
pleuropneumonia-like organism (PPLO) by Chanock, Hayflick and 
Barile, which would place it in the genus tfycoplasma" (5). 

Much of our understanding of M. pneumoniae and its association 
with PAP has come from studies of military recruits. 

"The first large scale epidemiologic study of Eaton agent 
pneumonia was perfonned by Chanock et al in a military popu¬ 
lation at Parris Island, S. C., during a 1959 to i960 epidemic 
of the illness. Sixty-eight percent of the PAP at that Marine 
camp was associated with Eaton agent infection as measured by 
fluorescent antibody test. Subsequent study of recruits from 
this population by Chanock, employing artificial media, 
revealed isolation of M. pneumoniae on agar plates in 12 of 
13 patients with M. pneumoniae FA positive PAP" (6) . 

Recent studies on recruit population have established M. pneumoniae 
as the etiological agent in 10-20# of hospitalized PAP cases. However, 
this incidence of 10-20# is subject to seasonal variation (6). 

The purpose of this investigation is to pinpoint the optimum pH 
for the agar media in the isolation and subcultivation of M. pneumoniae 
from recruits hospitalized with PAP. 

MATERIALS AMD METHODS 

Medium for the isolation of M. pneumoniae was prepared according 
to the proceduit outlined by Crawford (7). To make the plates selec¬ 
tive for M. pneumoniae, 0.002# methylene blue chloride was added +o 
the agar media to inhibit the growth of all other mycoplasma species 
of human origin (7). In order to avoid precipitation of the methylene 
blue chloride within the media, this dye was added after dissolving 
the basal PPLO agar in distilled water. The basal agar was adjusted 
with appropriate amounts of sterile NaOH (IN) and HC1 (IN) to the 
following pH levels: 5-0, 6.0, 7-0, 8.0. This adjustment of pH was 
accomplished with a pH meter (Beckman) and a standard solution of pH 
7.C (Harleco). Horse serum containing penicillin (gamma globulin free), 
yeast extract, and fungizone were mixed together separately and adjusted 
with sterile base or acid to the aforementioned pH levels. Utilizing 
sterile lab techniques, this mixture was added to the basal agar media, 
and the plates were poured, labeled, and stored in a refrigerator at 
36°F for 2k hours before use. To reduce the error of sampling, plates 
representing each of the 4 different pH levels were randomly selected 
and placed in groups of ^ before streaking. In the pneumonia wards of 
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a Great Lakes Naval Recruit dispensary, oropharyngeal cultures were 
obtained from PAP patients every 3 days. A total of 231 double throat 
swabs were collected from 90 hospitalized patients. Throat swab material 
was collected utilizing 2 throat swabs, simultaneously. Two plates were 
streaked directly with each swab, using a different aspect of the swab 
on each plate, according to the method of Crawford (7). The plates were 
sealed with paraffin, and aerobic incubation was maintained at 36°C. 

A search for mycoplasma colonies was undertaken at 8, 16 and 2^ 
days, using a standard dissecting microscope at a magnification of 
40X. When necessary, confirmation of M. pneumoniae colony growth was 
accomplished under 100X magnification of a light nucroscope. Recog¬ 
nition of M. pneumoniae colonies was based on the characteristic 
granular, spherically shaped colony without the traditional fried egg 
appearance of other human mycoplasma species. The M. pneumoniae iso¬ 
lates were further identified by sub cultivation using the paper disc 
growth-inhibition technique of Clyde (8). 

RESULTS 

Total isolation of M. pneumoniae 

Table 1 indicates the results of the isolation of M. pneumoniae 
from 90 hospitalized recruits who were diagnosed by their physicians 
as having PAP. Nine of the 231 culture trials on individual patients, 
or b%, were positive for M. pneumoniae. 

Analysis of pH influences 

An analysis of the positive isolates with respect to the effect of 
pH of the media on the primary isolation of M. pneumoniae is also pre¬ 
sented in Table 1. The greatest yield of M. pneumoniae cultures oc¬ 
curred in the media with a pH of 8.0. All"*8 individuals, or 8.8^, who 
were shown to have M. pneumoniae in their oropharynx had growth at this 
pH level. M. pneumoniae failed to grow at pH 5.0 and 6.0, and only 2 
isolates were discovered at pH 7.0. Cultures that were positive at pH 
7.0 were also positive at pH 8.0. 

Eighty-eight of the 90 patients were discharged from the hospital 
wards before the end of the study. M. pneumoniae was never recovered 
from the remaining 2 men. Additional admission cultural data were 
available from 5 of the 8 patients from whom M. pneumoniae was cultured^. 
Three of these 5 were positive for M. pneumoniae on admission, however, 
2 of the 3 were discharged with culturally negative throats, übe other 
2 of the 5 with admission data, and who were culturally negative on 
admission, acquired M. pneumoniae after 1 and 2 months on the pneumonia 
ward, being discharged with culturally positive throats. An additional 
3 patients, for a total of 6, were discharged within a few days of their 
last positive subculture. 
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DISCUSSION 

As a result of this study, several noteworthy facts emerged. In 
the range of pH tested, the optimal pH for successful M. pneumoniae 
isolation was shown to be 8.0. This was consistently noted in cultur¬ 
ing various patients with the clinical diagnosis of PAP. All materials, 
not Just the basal agar as in some earlier studies, underwent pH adjust¬ 
ments prior to mixing into the final media, thereby insuring the accura¬ 
cy of the final pH of the media. Furthermore, the results of this study 
were consistent with data from the earlier studies of Kraybill and 
Crawford (9)> Miller et al (5), Shepard and Lunceford (2), and Griffin 
and Crawford (6), in that the data revealed an 8.8Í incidence rate 
associating M. pneumoniae and PAP. The most noteworthy point in this 
study is that it tested "wild strains" of M. pneumoniae, cultured under 
clinical field conditions where the pH factor may be critical. The pH 
data are consistent with previous observations reported by Shepard (2) 
who utilized laboratory-adapted strains of M. pneumoniae. Their highest 
recovery of M. pneumoniae was achieved at pH 8.0, as it was in the pre¬ 
sent investigation. 

Previous studies by Kraybill and Crawford indicated that "wild 
strains" of M. pneumoniae grew equally well at pH T.O and 8.0. The 
inconsistency between their study and the present one might be due to 
either a strain variation of a slight variation in technique. The 
impact of this study on the previous one is to choose pH 8.0 over pH 
7.0 for the isolation of M. pneumoniae from clinical throat swab mate¬ 
rial. Since 82* of the isolates obtained grew out at pH 8.0, the 
effect of higher pH levels of 8.5 and 9.0 should be explored. 

By following the cultural status of a number of these patients, it 
was of interest to note that 2 patients acquired M. pneumoniae after 
extended hospitalization. The fact that 6 of the 8 patients, from whom 
M. pneumoniae was isolated, were discharged as carriers, leads one to 
speculate on their effect on non-recruit Naval personnel in future con¬ 
tacts . 

SUMMARY 

A study of the influence of pH on the ability to isolate M. pneu¬ 
moni ae on modified PPL0 agar media was conducted using throat swab 
material obtained from PAP patients in pneumonia wards. M. pneumoniae 
was isolated from 8.8* of the 90 PAP patients. Of a total of 11 posi¬ 
tive cultures obtained in the study, 9 (82*) were recovered at pH 8.0; 
2 (l8*) at pH T.O; and none at pH 5.0 and 6.0. It was concluded that 
in the pH reuige studied, the optimal pH for the recovery for M. pneu¬ 
moniae wets 8.0. 
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TABLE 1. Effect of pH of the medium on the isolation 

of M. pneumoniae from hospitalized PAP recruits 

Great Lakes, Illinois — July-August 1969 

pH of the PPLO 

Agar Medium pH 5*0 pH 6.0 pH 7.0 pH 8!0 

No, of Recruits with 

M. pneumoniae Isolates 00 1* 8* 

No. of PAP Recruits 

Tested 90 90 90 90 

*0ne recruit positive on two separate trials. 
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ALTERED CELL MEDIATED IWUNOLOGIC REAfTIONS DURING RECRUIT TRAINING 

INDUCED BY STRESS ASSOCIATED WITH RECRUIT TRAINING* 

Lieutenant (junior grade) Thomas C. Cadier 

Loyola University Stritch School of Medicine 

Preceptor: Earl A. Edvards 

Chief, Inmunology Division 

cruit» ?? M ^ i®®!! pre8ents a significant problem in Naval re- 
?e incldence of infection has been noted to be par- 

of Wess" ff Í flr8t 2 WeekS °f trainln« (D “»d the role 
of stress during this interval, as an etiological host factor, has 

received much speculation (5-7). Stress is known to induce an in¬ 

creased production of adrenal steroids (5,8) which in turn are known 

In immUnl response (5,6,9) through a variety of mechanisms. 
In this study, some of those parameters which are altered by elevated 

differential0?8^1"01*8 ^ oeasured- Specifically, total and 
C0UntS “d Skln test reactions to antigen evok- 

ing delayed hypersensitivity were measured in recruits during their 

mitót rev!6?8 ° îr?îning- n was anticipated that this information 
reSíus a relatiVe deficiency in the immune response among new 

MATERIALS AND METHODS 

ks Part of a larger study, k companies of Naval recruits were 
randomly selected each in a different day of training, ranging from 

1* the 1st day on board, to day 15. This resulted in 70- 
120 volunteers for each day studied. Each recruit was then interviewed 

egarding present upper respiratory illness (URl)(cough, sore throat 

ri? ■ p“‘hiatory °f ss: s 
1 V. Í?1 1 foot* history of mumps infection, present or past 

tion<5°r bOÍ^’ fllergy or sensitivity to eggs. Four antigen^olu- 
tions were then administered intradermally, in 0.1 ml amounts8with a 

in randomly 'varie^poeitions?1” ^ ^ ^ ^ ^ek 

(M) Mumps - skin test antigen, Eli Lilly and Co., 

diluted with saline to 10 complement-fixing 
units per cc. 

*From Research Project No. MR OO5.O9-OO96B 
and Surgery, Navy Department, Washington, D. 

, Bureau of Medicine 
C. 
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(K) Mumps placebo - egg albumin control with 

1:10,000 thimerosal, Eli Lilly and Co. 

(C) Candida - fungus extract prepared from 
Oidionycin (Candida albicans) in O.I45Í 
phenol preservation, Kollister-Stier 

Laboratories, diluted with saline to 

1:100. 

(T) Trichophyton - fungus extract prepared from 

Trichophyton oysseum, T. purpureum and T. 

interdigitale in 0.^5^ phenol, Hollister- 
Stier Laboratories, diluted with saline 

1:50. 

Five ml of blood was obtained from the antecubital vein of each 

individual with a B-D vacutainer containing O.OU ml of 15Í EDTA solution 

for determination of total leukocyte count and differential leukocyte 

count. Also, 10 persons were randomly selected from each company f^cm 

which 25 additional ml of blood was taker for use in lymphocyte trans¬ 

formation studies (10). Oral temperatures were taken at this time. 

At 2k and U8 hours after skin testing, each recruit was again ques¬ 
tioned regarding the presence of URI symptomatology, any new boils or 
athletes foot. Oral temperatures were again taken. Skin test reactions 

were read as millimeters of induration and millimeters of erythema and 

appropriately recorded. 

Since so many separate pieces of data were collected on each indi¬ 

vidual in the study, the following procedures were undertaken in order 

that comparisons could be made within the study group. Information on 

present respiratory illness was scored according to the empirical code 
shown in Table 1. Recruits with an illness score equal to or greater 

than 4 were designated as "sick" and those with a score of 3 or less 

were designated "well." For graphical comparisons, skin test measure¬ 

ments of erythema and induration were necessarily rounded off to the 
closest multiple of 5, plus or minus 2 mm, i.e., a reading of 0 through 

2 nm equalled 0, 3 through 7 equalled 5 mo, etc. Further grouping was 

then undertaken for statistical comparison of reactions. Reactions of 

0 through 7 mm of erythema or induration were termed negative, 8 

through 17 mm were termed positive and greater than 17 were called 

strongly positive. 

RESULTS 

Only the results of the skin test findings were treated in this 

report. Readings of all 4 skin tests, control, candida, trichophyton 

and mumps were tabulated. Only the mumps skin test showed an apprecia¬ 

ble number of positive reactions. Consequently, more thorough analysis 

of data on the trichophyton and candida skin tests was deferred and 
attention was centered around the mumps skiu test results. If differences 
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in skin test responsiveness were to be found between the different com¬ 
panies of recruits in the study, it was felt that they would be most 
apparent when considering reaction to a test to which a large percen¬ 
tage of the volunteers reacted strongly. Companies were first compared 
without regard to peat history of mumps or present respiratory illness 
score. It was found that, overall, men in companies later in training 
responded more strongly than the companies which had less time in train¬ 
ing. The mumps history of the individuals in each of the study companies 
was then considered. There was no significant difference between the 
distribution of levels of induration and erythema when this factor was 
considered. That is, the skin test response of the group which denied 
mumps did not differ significantly from the group which gave a positive 
history. A comparison of these data is seen in Figure 1. This finding 
was borne out on the company level, except for day 15 company, which 
did have a higher percentage of positive responses among those who had 
a positive history for mumps. 

The effects of present respiratory disease were next considered. 
The aggregate comparison of all "sick" recruits to all "well" recruits 
showed no significant differences in skin reactions between the 2 popu¬ 
lations. This independence of present illness and skin reaction was 
also borne out witnin each company considered separately. That is, in 
a given company, the sick people responded to the same degree as the 
well ones. An intercompany comparison, however, revealed that a sig¬ 
nificant difference existed between the well recruits of one company 
and the well recruits of any other company tested, but there was no 
difference in the reactivity of the sick men. This comparison can be 
seen in Figure 2 where a sample comparison is graphed. The apparent 
difference between the sick recruits' response is not significant 
while the different response of the well groups is significant. It 
appears that illness interferes with the effect of time of training on 
delayed skin test responses. 

DISCUSSION 

The delayed-type hypersensitivity reaction is mediated primarily 
by local infiltration with lymphocytes in the areas of antigen injec¬ 
tion (7). This reaction is inhibited by corticosteroids but net 
affected by antihistamines (ll). The mechanism of action of increased 
levels of corticosteroids in reducing this antigenically stimulated 
inflammatory response probably has many facets. Twenty years ago, it 
was shewn that elevated plasma adrenal steroids resulted in a lympho¬ 
pénie response (12). It has more recently been shown that this lympho¬ 
penia is due to at least 3 factors: (l) karyorrhexis and lysis of 
lymphocytes, predominantly the small, more "mature" type; (2) inhibition 
of mitosis in lymphatic tissue; (3) inhibition of DNA synthesis in 
lymphatic tissue. These effects result in a decrease in circulating 
small lymphocytes and a relative increase in large lymphocytes (9). 
This effect is seen with blood levels of only 25 yg/100 ml in humans. 
T3iis level is not sufficiently high to cause a decrease in plasma 
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antibody levels. The proportion of larger lymphocytes increases in a 

dose related fashion with the blood levels of corticosteroids and have 

been termed "stress lymphocytes" by some investigators (ll). Finally, 

electron microscope studies have recently shown that the phagocytotic 
function of reticuloendothelial cells is inhibited by corticosteroids 

(13). 

The results of this study coupled with the above-noted observations 

compel one to speculate that the stress of recruit training may be of 

sufficient magnitude to cause a relative decrease in the cell mediated 

reaction to antigens. This could conceivably contribute to a reduction 

in resistance to infections in a recruit who, under less stressful cir¬ 

cumstances, would not become infected. 

SUMMARY 

Mumps skin test response was studied in recruits in an attempt 

to correlate relative immunosuppression in the 1st two weeks of train¬ 

ing. The longer a company has been aboard, the more strongly it re¬ 

sponded, as a population, to the mumps skin test. There was no sig¬ 

nificant difference on the aggregate level or company level between the 

reactions of recruits who denied mumps and those who claimed to have 

been infected, except in the company which had been on board for 15 

days. This more seasoned company had a greater response in that segment 

which gave a positive history for mumps. When present illness was con¬ 

sidered, the response of the aggregate of all well people did not differ 

from the response of the "sick" aggregate. This was also borne out at 

the company level. However, when comparing companies, well recruits 

responded more strongly than their well counterparts in companies selected 

earlier in training. All sick recruits in the study responded essentially 

the same. 

Suppression of the cell-mediated reaction among new Naval recruits , 

manifested only in well individuals, has been demonstrated. There may 
be some relationship between this suppression and a generalized immuno¬ 

suppression, possibly mediated by elevated plasma corticosteroid levels, 

in Naval recruits. In this context, stress may validly be implicated 

as an etiological factor in recruit respiratory disease. 

10 
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THE DETERMINATION OF BACTERICIDAL ACTIVITY IN NAVY RECRUITS 

WITH NEISSERIA MENINGITIDIS INFECTIONS* 

Ensign Michael P. Gerberi 

Loyola University Stritch School of Medicine 

Preceptor: Earl A. Edwards 
Chief, Immunology Division 

The epidemiological findings of several investigators report that 

resistance to Neisseria meningitidis infection is directly related to 

the bactericidal antibody level. ’’Sera from individuals susceptible to 

N. meningitidis do not appear to lack factors other than antibody which 

are necessary for bactericidal activity, however, such individuals are 

capable of responding immunogically during the course of infection" (l). 

A complement-fixation (CF) antigen and a hemagglutination (HA) antigen 

have been shown to possess the sensitivity and the specificity required 

of serologic tests in determining seroresponse to N. meningitidis 

infections (2). However, the sequential relationship between acqui¬ 

sition of N. meningitidis and the level of bactericidal, or HA and CF 

antibody has not been determined. 

The objective of this research was to test the serum collected from 
recruits for bactericidal antibody. The occurrence of bactericidal 

antibody wat compared to the acquisition of the organism and the appear¬ 

ance of both HA and CF antibody. his same comparison was made on serum 

collected from recruits who have had meningococcal disease. 

MATERIALS AND METHODS 

The bactericidal test procedures employed were basically those 

described by Roberts (3) with certain modifications. The media used 

as a solvent for the tests consisted of 99 parts Han1:s salt solution 

(4) and 1 part of a gelatin solution prepared from 0.1¾ gelatin (Difco 

Laboratories, Detroit, Michigan). The strain of bacteria was a group 

C (PTS5) obtained from Dr. N. A. Vedros, NBL, Oakland, California. 

Preparation of bacterial suspensions 

Meningococci were maintained by subculture on Mueller-Hinton agar 

(Difco). Culture plates were incubated on 37°C in the presence of 

*From Research Project No. Mil305.01-1012 , Bureau of 

Medicine and Surgery, Navy Department, Washington, D. C. 
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moisture and C02 (candle Jar). In preparation for each test, an 18 
hour agar culture was transferred to 125 rol Erlenmeyer flasks contain¬ 
ing 25 ml of Eugonbroth (Baltimore Biological Laboratory, Inc., Balti¬ 
more, Maryland). Broth cultures were placed in a Psychotherm Incubator 
Shaker (170-200 rotations/min) and incubated aerobically at 37°C for 
U hours to obtain the bacteria in log phase growth (3). 

Serum 

Normal serum was collected from a surveillance company of Navy 
recruits at Great Lakes Naval Training Center at 0, 5 and 9 week 
intervals. Serum collected from recruits with clinical meningitis was 
taken at about weekly intervals for 8 weeks. The serum was separated 
from clotted blood and stored at -20°C until tested. 

Bactericidal test 

Test tubes size 10 x 75 rom were used. To each tube was added 0.7 
ml ge1-Hanks medium, 0.1 ml bacterial suspension diluted to a suitable 
number of organisms by the Nephelometric Method (5), 0.1 ml serum 
(human inactivated), and 0.1 ml of fresh complement in the form of 
rabbit serum. In addition to the test samples, 2 controls were run 
to determine any degree of toxicity to the bacteria by the inactivated 
human serum or by the rabbit serum. To the serum control test tube 
was added 0.8 ml gel-Hanks medium, 0.1 ml bacterial suspension, and 
0.1 ml serum. A similar mixture was used in the complement control, 
however, 0.1 ml rabbit serum was exchanged with the human serum. 

At intervals of 0 and 120 minutes, 0.2 ml samples were removed 
from the test suspensions and colony plated. After 18 hours incubation 
at 37°C in the presence of C02 and moisture, the bacterial colonies 
were counted. 

The bactericidal activity of the rabbit serum used as the source 
of complement was determined to prevent it from coloring the final 
results of the bactericidal tests to be performed. Serial dilutions 
of the rabbit serum were made and 0.1 ml was added to tubes containing 
0.8 ml of gel-Hanks medium and 0.1 ml bacterial suspension. 

RESULTS 

It was determined, as shown in Table 1, that an undiluted sample 
of normal rabbit serum showed little, if any, bactericidal activity, 
whereas a 1:5 dilution showed no activity. Due to the uncertainty of 
the activity of the undiluted serum, the 1:5 dilution was used in the 
bactericidal tests. 

The results of bactericidal activity in sera of 5 recruits are 
shown in Table 2. Two men, 00905 and 00916, showed definite bacteri¬ 
cidal activity while the remaining 3 indicated no bactericidal acti¬ 
vity. Recruit 00905 demonstrated bactericidal activity without the 
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presence of complement and without having either a positive CF or HA 
test, nor did he become a carrier. Recruit 00916 showed bactericidal 
activity only in the presence of complement and had positive CF and HA 
tests. 

Table 3 contains the results of the bactericidal activity of an 
individual against a heterologous C strain of meningococcus over a 
period of 10 weeks. Prior to the 5th week when he acquired a C strain 
as a carrier, no bactericidal activity and negative CF and HA tests 
were demonstrated. In a matter of days after acquisition of the 
meningococcus in a carrier state, CF and HA tests were positive and the 
bactericidal test demonstrated a phenomenon which was difficult to inter¬ 
pret. Neither growth nor killing of the organism occurred, rather a 
bacteriostatic effect was observed. It was thought that perhaps if the 
actericidal activity was not maximal, a small percentage of the orga¬ 

nisms could survive and increase in number after 2 hours of incubation 
to approximately the original colony count. In order to determine this 
a test on the effect of time on bactericidal activity was performed 
using a serum which showed definite bactericidal activity. As can be 
seen in Table h, the bactericidal activity was maximal for all practical 
purposes after a period of 60 minutes and maintained a high degree of 
killing for a minimum of U hours. 

Table 5 describes bactericidal tests performed with sera from 
meningococcal patients. In the first case, the acute stage serum and 
the lot week serum demonstrated strong bactericidal action. In the 2nd 
case, only the acute serum shoved any bactericidal action. Both men's 
sera became bacteriostatic within the week following the bactericidal 
activity. As in the Weekly Acquisition of Meningococcus (WAM) study 
test, positive CF and HA tests appeared at the same time as the bac¬ 
teriostatic effect. 

A final test was performed comparing the bactericidal activity of 
serum from a recruit with infectious meningitidis against a heterologous 

strain (Table 5. case l) and the homologous C strain of meningitidis 
which he himself acquired. It can be seen in Table 6 that the bac¬ 
tericidal activity was identical for all practical purposes against both 
strains in every sequential sera tested. 

DISCUSSION 

The relationship between bactericidal antibodies and the observed 
bacteriostatic phenomenon, which occurred consistently in our tests is 
undetermined. Since the CF and HA tests appear concurrent with the 
bacteriostatic effect, it is probable that the latter represents anti¬ 
body activity. However, clear cut evidence of bactericidal activity 
has been demonstrated by sera 00905 (Table 2) with no positive CF or 
HA indicated. This would tend to suggest that the bactericidal acti¬ 
vity is independent of either CF or HA antibodies. These observations, 
however, do not shed light on the question of whether or not the bacteri- 
static and bactericidal activity are manifestations of the same antibody 
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Several factors may have had a definite effect on the outcome of 

the teats performed. One factor, the significance of which has not 
been clearly ascertained, is the use of heterologous strains of meningo¬ 

coccus. In the test which ws performed comparing bactericidal activity 

against homologous and heterologous C strains of meningitidis, the data 
indicated no specificity for either strain by the bactericidal antibody. 

However,, in similar tests performed by Muehl on several samples of sera 

of meningococcal patients, the results were varied and inconsistent (6). 
Some sera demonstrated bactericidal action against a heterologous strain, 

but not against a homologous strain. Other sera shewed no bactericidal 

action against either strain or shewed activity against the homologous 

but not the heterologous strain. 

It was demonstrated by Goldschneider et ^ (l) that there was a 

15t decrease in bactericidal activity against a heterologous C strain, 
as compared with bactericidal activity against homologous strains. 
Furthermore, they were able to demonstrate bactericidal activity after 

more than 2 weeks subsequent to acquisition of the meningococcus only 

with the homologous strain. 

Another important factor to be considered is the source of com¬ 

plement. Although it is demonstrated that some sera possess powerful 

bactericidal activity in the absence of complement (Table 2 - 00905 

and Table 5 - Acute), the bactericidal action of normal serum appears 

to be dependent upon the presence of complement. Fresh rabbit serum 
has approximately the same degree of bactericidal action against meningo¬ 

coccus as adult human serum (7). But for practical purposed, the 

bactericidal test employing human defibrinated blood as complement with 

a resistant strain was found to be the best method for estimating bac¬ 

tericidal antibody (8). 

Thomas and Dingle (7) found that if a generally susceptible strain 

of meningococcus is employed, bactericidal antibody can be demonstrated 

in the presence of a non-bacterlcidal complementing serum. However, 

if a resistant strain is used, a difference between the effectiveness 
of complement from different soecies becomes apparent such that rabbit 

complement is effective while numan complement is not (7). No source 

of complement seems to be satisfactory for all the conditions which 

may exist in vitro. 

SUMMARY 

It is difficult to demonstrate consistent bactericidal activity 
in the carrier state or in a sequential study of the carrier and disease 

states employing a heterologous strain of bacteria. This indicates the 

need for further study contrasting the bactericidal action against homo¬ 

logous vs. heterologous strains in a sequential situation. This inves¬ 

tigation also shows the need for the further determination of an adequate 

source of complement to test human bactericidal activity. Concerning 
the association of specific agglutinins and CF antibodies with the 

presence of bactericidal auitibody, no definite quamtitative relation 
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can be determined from the results, 
cide, but it is clearly demonstrated 
can and does occur in the absence of 

Generally, these antibodies coin- 
that strong bactericidal activity 
positive CF and HA determinations 
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TABLE 1. Control test on bactericidal activity of rabbit serum 

used as the- source of complement 

Dilution 0 Hour 2 Hour 

Plate A Plate B Plate A Plate B 

Whole serum 

1:5 

1:10 

1:20 

1:U0 

1:80 

1* 

61 

71 

96 

33 

30 

2 

58 

65 

83 

UO 

30 

1 

1*9 

63 

87 

U3 

2h 

1 

57 

60 

91* 

U7 

33 
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TABLE 2. Bactericidal activity in recruit sera of a surveillance company 

Recruit 

Number 0 Hour 2 Hour CF* HA*» BT*** 

00891 

00905 

00916 

00921 

Complement Control 96 209 
56 101 

Serum Control (1st vk) 
Test " 
Serum Control (9th vk) 
Test " 

97 105 
85 113 
8U 76 
79 78 

Serum Control (1st vk) 76 
Test " 8l 
Serum Control (9th vk) 86 
Test " 87 

2 
l4 

0 
0 

Serum Control (ist vk) 
Test " 
Serum Control (9th vk) 
Test 

50 56 
56 90 
62 0 
U6 3 

Serum Control (1st vk) 
Test " 
Serum Control (9th vk) 
Test " 

90 1*6 
58 66 
36 1*1« 
70 60 

♦ 

OO93O Serum Control (1st vk) 
Test " 
Serum Control (9th vk) 
Test " 

86 108 -- 
80 100 
88 72 ♦ ♦ 
62 38 

* CF - Complement Fixation Test (9) 
** HA - Hemagglutination Test (lO) 

x** BT - Bacteriology Throat Culture 

21 



TABLE 3. Bactericidal activity of serum from a recruit 

study 

(28) i-n a WAM* 

Week No. 0 Hour 2 Hour CF HA BT 

Complement Control II9 

1 Serum Control 70 

Test 75 

Serum Control 85 

Test 70 

5 Serum Control 113 

Test 83 

6 Senun Control 70 

Test 82 

7 Serum Control 82 

Test 75 

8 Serum Control 70 

Test 77 

9 Serum Control 87 

Test 73 

10 Serum Control 50 

Test 37 

256 

236 

297 

307 

328 

255 

313 

8U 

88 

83 

92 

88 

76 

120 

133 

75 

72 

+ 

+ + + 

+ + + 

+ + + 

+ + + 

+ + + 

* WAM - Study of Weekly Acquisition Rate of 

Meningococcus in Navy Recruits 
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TABLE 1+. The effect of time on bactericidal activity of serum 

Complement Control 

Serum Control 

Test 

TIME (MINUTES) 

0 10 20 30 1+5 60 90 120 2U0 

87 78 89 98 78 81+ 105 102 250 

31 22 22 12 5 3 

35 2l+ 23 ll+ 6 1 

0 

0 

1 0 

0 0 
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TABLE 5. Bactericidal activity in the diseased state 

Stage of Disease 0 Hour 2 Hour CF HA 

CASE 1 

Acute 

1st Week 

4th Week 

5th Week 

6th Week 

10th Week 

Complement Control 51 121 

Serum 

Test 

Serum 
Test 

Serum 

Test 

Serum 

Test 

Serum 

Test 

Serum 

Test 

Control 

Control 

ControJ 

Control 

Control 

Control 

0 
1 

4l 

52 

45 
34 

31 

33 

33 

31 

34 

47 

0 
0 

35 
0 

46 

30 

28 
34 

29 
28 

23 
30 

+ + 

+ + 

CASE 2 

Acute 

Complement Control 67 269 

Serum Control 

Test 
92 

90 

4 

6 

1st Week 

3rd Week 

4th Week 

6th Week 

Serum Control 

Test 
95 107 + + 

124 119 

Serum Control 

Test 
89 104 + + 

91 84 

Serum Control 

Test 
87 97 + + 
98 107 

Serum Control 

Test 
87 134 + + 

117 133 



TABLE 6. A comparison of bactericidal activity in the diseased state 

against homologous and heterologous C strains of Neisseria meningitidis 

Stage of Disease 

Heterologous Homologous 

Strain Strain 

0 Hour 2 Hour 0 Hour 1 Hour* 

Acute 

1st Week 

Uth Week 

5th Week 

6th Week 

10th Week 

Serum Control 0 

Test i 

Serum Control 1*1 

Test 52 

Serum Control 1*5 

Test 3I* 

Serum Control 31 

Test 33 

Serum Control 33 

Test 31 

Serum Control 

Test 1*7 

0 33 6 

0 1*2 12 

35 238 23U 

0 190 81 

1*6 212 186 

30 263 273 

28 177 223 

11* 208 168 

29 216 239 

28 177 190 

23 191 I92 

30 193 201 

* This test was performed after the time study 
shewn in Table 5 so that 1 hour was considered 
enough time to demonstrate bactericidal activity. 
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GEL DIFFUSION STUDIES OF NONGROUPABLE MENINGOCOCCI* 

Lieutenant (junior grade) Philip M. W. Pailey 

Marquette University School of Medicine 

Preceptor: Commander Leonard F. Devine, MSC USN 

Chief, Bacteriology Division 

In 1956, Jyssum employing double-diffusion in gels, found 5 of 13 
strains of meningococci isolated from spinal fluid which failed to 

agglutinate with antisera prepared to groups A, B, C and D (l). He 

called these strains type N. Branham, however, found these strains 
would react with her group B antisera. 

In 1961 and I963, Slaterus reported 3 new groups which he labeled 
X, Y and Z (2,3). These 3 groups and a l+th strain (Zf) were not 

agglutinated by antisera to meningococci of serological groups A, B, 

C and D. Antisera to the Z’ strain agglutinated group Z cells, but Z' 
cells were not agglutinated by Z antisera. Evans , Artenstein and 

Hunter, in 1968, reported 3 new groups, Bo, 29E and 135 (M. The Bo 

strain was described as being identical with the Y strains of Slaterus. 

A number of meningococcal strains isolated from recruit carriers 

at Great Lakes Naval Training Center could not be typed by the con¬ 

ventional slide-agglutination technique. A study of the precipitation 

lines formed in gels using the double-diffusion method was undertaken 

to determine if this method could elucidate the relationships of these 
strains to the standard known strains of meningococci. 

MATERIALS AND METHODS 

Serogroups and source of strains 

MK01 isolated from spinal fluid and received from 

W. Sanborn, NAMRU-3, Cairo, United Arab Republic. 

Will-B isolated from spinal fluid at Great Lakes. 

Grubbs-B isolated from nasopharynx of carrier at 
Great Lakes. 

PTS5 received from N. Vedros, NAMRU-1, Berkeley, 
California 

Bo(WR) received from M. Artenstein, Walter Reed 

Army Institute of Research (WRAIR) , Washington, 
D. C. 

Bo-6 received from N. Vedros, NAMRU-1, Berkeley, 
California. 

A 

B 

B 

C 

Bo 

Bo 

«From Research Project No. Ml+305.01-1012, Bureau of Medicine 
and Surgery, Navy Department, Washington, D. C. 
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Serogroups and source of strains (Cont'd) 

135 135(WR) received from M. Artenstein, WRAIR. 
X X(WR) Slaterus strain "type" X received from 

M. Artenstein, WRAIR. 
Z Z(WR) Slaterus strain "type" Z received from 

M. Artenstein, WRAIR. 
Z 17 strain isolated from nasopharynx of carrier 

at Great Lakes. 
29E 29E(WR) received from M. Artenstein, WRAIR. 
29E 112 strain isolated from nasopharynx of carrier 

at Great Lakes. 
Lact. 25 Isolated from nasopharynx of carrier at Great 

Lakes . 
Lact. 2? Isolated from nasopharynx of carrier at Great 

Lakes 
Isolated. Flor. 

Flor. 
RAS-7 

RAS-10 

RAS-10 

RAS-10 

RAS* 

RAS' 

350 
351 

Isolated from nasopharynx of carrier at Great 
Lakes . 
Isolated from nasopharynx of carrier at Great 
Lakes . 
331 strain isolated from nasopharynx of carrier 
at Great Lakes . 
351 strain isolated from nasopharynx of carrier 
at Great Lakes . 
11 strain isolated from nasopharynx of carrier 
at Great Lakes . 
I+69 strain isolated from nasopharynx of carrier 
at Great Lakes . 

Nongroupable (NR) 

Nongroupable 

Nongroupable 

Nongroupable 

Nongroupable 

NR 

NR 

NR 

NR 

NR 

Salmonella B 

Salmonella D 

1 strain isolated from nasopharynx of 
carrier at Great Lakes . 
4 strain isolated from nasopharynx of 
carrier at Great Lakes. 
5 strain isolated from nasopharynx of 
carrier at Great Lakes. 
6 strain isolated from nasopharynx of 
carrier at Great Lakes. 
8 strain isolated from nasopharynx of 
carrier at Great Lakes. 
12 strain isolated from nasopharynx of 
carrier at Great Lakes. 
132:U8-Col. 3 strain isolated from 
nasopharynx of carrier at Great Lakes. 
266 strain isolated from nasopharynx 
of carrier at Great Lakes. 
I+08 strain isolated from nasopharynx 
of carrier at Great Lakes. 
737 strain isolated from nasopharynx 
of carrier at Great Lakes . 
#8759 received from American Type 
Culture Collection, Rockville, Maryland. 
#128Uo received from American Type 
Culture Collection, Rockville, Maryland. 
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Preparation of artisera 

All locally obtained antisera were prepared according to the 

method of Edvards and Devine (5). 

The antisera were tested against their homologous antigens to 

determine the efficacy of each individual lot. The antisera used in 

the determination of the unknown strains were chosen from these tests 

on the basis of high titer and minimal nongroup-specific precipitation 

lines. 

Description of antisera 

Serogroup and source of strains used from immunization: 

A Lot 01* received from the Neisseria Repository, 
NAMRU-1, Berkeley, California. 

C Prepared locally to strain PTS5 in rabbit 0156. 
Bo Prepared locally in rabbit 0232 and absorbed 

cells. with RAS-10 and RAS 

29E Prepared locally in 

W135 Prepared locally in 

X Prepared locally in 

Z Prepared locally in 

Z Prepared locally in 

NR Uo8 Prepared locally in 

NR 6 Prepared locally in 

NR 12 Prepared locally in 

NR 266 Prepared locally in 

NR 737 Prepared locally in 

Flor. 351 Prepared locally in 
RAS-10 Prepared locally in 

RAS-10 Prepared locally in 

RAS' cells. 

rabbit 079. 

rabbit 031*1*. 
rabbit 0106. 
rabbit 0239. 
strain 17 in rabbit 019^. 

rabbit 0230. 

rabbit 0Ul. 

rabbit 0620. 
rabbit 02Uh. 
rabbit 0276. 

rabbit 0303. 
rabbit 0300. 

rabbit 0362 and absorbed with 

RAS' Prepared locally to strain 11 in rabbit 0359 and 

absorbed with RAS-10 cells. 

Absorption of antisera 

Antisera were absorbed according to the method of Devine and 

Hagerman (6). 

Antisera absorption were done in situ in some experiments by a 

modification of the technique of BjBrklund (7). The routine test was 

preceded by adding meningococcal cells to the central well and replac¬ 

ing them with more cells after 8 hours. These were removed by suction 

16 hours later. Antisenun was added in the central well, and bacterial 

cells in the periphered wells . 

Gel diffusion tests 

"lonagar" no. 2 was obtained from Oxoid Division of Oxo, Ltd., 

London, England. A 1% agar gel with a final concentration of 0.01Í 

30 



merthiolate and O.OlUí sodium borate a? preservative was used for 
double-diffusion tests. A standard 1X3 inch microscope slide was 
overlayed with a thin layer of agar and dried and then overlayed with 
2.5 ml of agar. Upon drying, an immunodiffusion set, 68OOA-8, using 
die 6866A circular pattern of 1.5 mm outside diameter well cutters 
68I8A was used to make all the wells (L.K.B. Instruments, Inc., 
Washington, D. C.). The usual procedure consisted of placing the 
desired antisera in the center well 1 hour prior to the addition of 
the whole cell antigens. The antisera were replenished once immediately 
before the thick suspensions of meningococcal cells in 0.15 M NaCl con¬ 
taining 0.01/Í merthiolate were placed in the peripheral wells. Precip¬ 
itation lines were observed at 2k and 1*8 hours . 

RESULTS 

Meningococcal group-specific antigen-antibody precipitation lines 
were found in gel-diffusion tests for serogroups A, C, 29E, Bo, 135* X 
and Z. Nongroup-specific precipitation lines were found in most of 
the tests, but did not interfere with the detection of the group-spe¬ 
cific lines, since they could be removed by absorption of the antisera 
with various meningococcal whole cell types (6). Representative results 
sure shown in Figure 1. 

The addition of antisera and antigens to the gels produced well- 
defined antibody-antigen precipitation lines for the known serological 
groups A, C, 29E, Bo, 135» X and Z when the reactants were added within 
an hour of each other. However, characteristic lines of precipitation 
were not consistently observed following addition of reactants at these 
time intervals when studying strains of the RAS category. A study to 
determine the optimum time for the addition of sera and cells for get¬ 
ting the best lines of precipitation was performed using high titered, 
undiluted RAS-10 (#721) antisera. The most characteristic precipita¬ 
tion lines for the RAS-10 strain were observed after 2 or more addi¬ 
tions of antisera 2k hours after the whole cell antigens were intro¬ 
duced. 

Studies of antigen-antibody precipitation lines using antisera 
of generally recognized serological groups against meningococcal cells 
showed that some of the nongroupable strains could be identified on 
this basis. However, antisera to the unknown strains would not form 
p ecipitation lines in gels with the whole cell antigens of the stan¬ 
dard known groups in a reciprocal manner, even though the nongroup¬ 
able antisera were shown to be of sufficiently high titer against its 
own antigen. Two strains, NR 6 and Flor. 351» were tentatively iden¬ 
tified as group C, Fig. 2 and Fig. 3, respectively. Strain 737 was 
tentatively identified as group A, Fig. 1*. The NR 266 strain formed 
very faint precipitation lines with the Z antisera and no lines of 
identity with any of the other known serogroups. This suggested that 
NR 266 may be a Z subgroup, however, more investigation of this strain 
is needed. The NR U08 strain was tested against all known type anti¬ 
sera and failed to produce any group-specific precipitation lines. 
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One strain, NR 22, formed group-specific precipitation lines with 
standard Bo antisera. The reciprocal NR 22 antisera formed similar 
lines with Bo whole cell antigen thereby confirming the identification 
Fig. 5. 

9 

A positive test for the identification of a nongroupable strain 
was considered to be perfect continuity between the precipitation lines 
of the unknown strain and the precipitation lines of the standard known 
group in adjacent wells, Fig. 3. 

One strain, 132:l*8-Col. 3, was agglutinated by antisera to B, Bo, 
135> L form of B, Be (absorbed with RAS-10 and RAS' antigens), RAS-10 
(absorbed with RAS' antigen), and RAS' (absorbed with RAS-10 antigen) 
in the slide agglutination test. This strain was also shown to form 
precipitation lines with all the above antisera using the gel diffusion 
method. Antisera to strain 132:48-Col. 3 were not prepared and therefore 
was not tested against the known group whole cell antigens. 

Gel diffusion analyses of certain meningococcal strains that 
could not be typed using routine slide-agglutination tests indicate 
that the gel-diffusion method can be of considerable value in the sero¬ 
logical identification of unknown strains . 

None of the precipitation lines demonstrated for the 132:48-Col. 3 
whole cell antigen with the various known standard antisera have been 
shown to be group-specific. More study of this strain is necessary, 
therefore, to establish the relationship of this strain to the group- 
able strains. 

Results of this study indicate that the gel diffusion method was 
normally quite sensitive in detecting the standard known serotypes. 
This method is not completely satisfactory for the positive identifi¬ 
cation of specific antibody-antigen precipitation lines with the strains 
in the RAS category. Our study showed that the RAS-10 whole cell anti¬ 
gen had to be introduced to the gel medium at least 24 hours prior to 
the addition of the antisera. In the past, RA. specific precipitation 
lines have been noted only immediately surrounding the antigen wells 
and occasionally have been thought to be present with the wells only. 

These findings indicate that the RAS-10 specific antigen has a 
very small diffusion coefficient with respect to the specific antigen 
of the standard known serotypes. The smaller diffusion coefficient 
might suggest that the RAS specific antigen is more highly branched and 
may be a protein polysaccharide complex of greater molecular weight with 
antigenically active polysaccharide sites. 

It became apparent that many of the nongroupable strains were not 
completely homologous to any of the standard serotypes and were in fact 
subtypes whose antigenicity had been slightly altered. The gel diffu¬ 
sion technique, however, is a good qualitative method for detection of 
homologous or closely related antigens . 
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SUMMARY 

Double-diffusion in gels was employed for the detailed study of 5 
nongroupable meningococcal strains previously studied by the routine 
slide-aggiu.ination method. These strains were isolated from recruit 
carrière at ureat Lakes Naval Training Center. Two of the strains were 
tentatively identified as group C; 1 strain vas tentatively identified 
as group A; and 1 strain was tentatively identified as group Z. The 
remaining strain was positively shown to be a Bo. The unusual precipi- 
tation patterns of the RAS-10 strain were studied and found to vary 

» irfÎÎÎ?*?1 t0 the tlme °f addition of the whole cell antigen. The 
gel-diffusion technique was of considerable value in the elucidation 
Í ^elatlonshlP8 between the nongroupable atrains and the known 

standards . 
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Fig. 5. a. Precipitation lines of identity 
between NR 22 antisera and NR 22 - 
Bo whole cell antigens in gels.

b. Precipitation lines of identity 
between Bo antisera and Bo - NR 22 
whole cell antigens in gels.
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COMPLEXITY OF BIOLOGICAL FLUIDS AS RELATED TO DISEASE STATES* 

Ensign Richard C. Smith 

Creighton University School of Medicine 

Preceptor: Ralph I. Lytle 

Chief, Biochemistry Division 

In recent years there has been a great deal of interest in the 
immunologic properties of extravascular fluids, particularly colostrum, 

perspiration and saliva. The hypothetical effectiveness of these 

fluids in providing "local" immunity and enhanced protection from 

foreign antigens at the epithelial-endothelial barriers has been 

the primary motivation for identification of immunoglobulins and 

studies of their secretion. 

Considerable progress has been made during the last 20 years in 

fractionating large molecular materials of extravascular secretions 

by physicochemical methods. These include various forms of electro¬ 
phoresis on different media, column chromatography on such substances 

as DEAE- and CM- Sephadex columns, partition paper chromatography, 
immunodiffusion, and ultracentrifugation. Of these methods, electro¬ 

phoresis has been most successful in achieving a reasonable degree of 

resolution. The success of electrophoresis in the study of secretions 

has been achieved principally through the use of appropriate media, 

and correlation of these results obtained with the information yielded 

by other methods. 

Parotid saliva was studied by Patton and Pigman (l,2) and Zipkin 

et al (3) using free-boundary electrophoresis. Seven peaks were ob¬ 

served, 5 of which were seen distinctly in every case. Two major peaks 

accounted for 75$ of the total components. Patton and Pigman (l) 
reported 10 to 12 electrophoretic components, of which some were minor 

and inconstant, whereas, ultracentrifugal patterns showed only 3 or 4 

components. The components appeared to be different from those in 

serum. Several materials moved to the cathode at pH 8.5, 1 of which 
may have corresponded to lysozyme. Several fast moving anodic compo¬ 

nents of low concentration, having a mobility higher than that of serum 

albumin, were also observed. They probably corresponded to some acidic 
mucopolysaccharides. The parotid and submaxillary secretion showed 

some similarities but both appeared to be different from the sublingual 

saliva. 

Ferguson et al (U) found several protein and carbohydrate staining 

components in the human parotid saliva, some of which had mobilities 

of serum proteins. Especially distinct protein bands had the mobility 

*From Research Project No. MR 005.09.01-0087B, Bureau of 

Medicine and Surgery, Navy Department, Washington, D. C. 
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of gamma-globulin. No correlation of gamma-globulin concentration with 
the salivary flow rate could be shown. 

Extensive work on fractionation of human parotid saliva by paper 

electrophoresis was performed by Mandel and Ellison (5). Six to 8 

fractions were usually detected in parotid saliva. The most rapidly 

migrating anodic protein component spread over a wide area and was of 

relatively low concentration. Bands 3, 1+ and 6 represented major 
fractions (Fig. l). Band 1 contained little carbohydrate,-was frequently 

poorly resolved, and represented serum albumin, as shown by immunological 

tests. Band 2 probably was an alpha or a beta globulin and also con¬ 

tained little carbohydrate. Bands 3 and H cortained gamma globulin, 

as shown by immunochemical criteria. Any lase, a small amount of 

fucose, and a large amount of hexosamines were present as well. Band 

7 migrated most rapidly to the cathode and contained very little car¬ 

bohydrate. Mandel and Ellison concluded that, although parotid glands 

are considered to be serous in nature, they regularly secrete mucoid 

material containing glycoproteins of cathodic mobility, which include 
hexoses, hexosamines, and fucose. 

It was not possible to detect, by paper electrophoresis, anodic 

components of a higher mobility than serian albumin, which Patton and 

Pigman found by free-boundary electrophoresis. Tamarin (6) showed 

that parotid saliva, when concentrated by prevaporation and submitted 

to paper electrophoresis, separated into 10 components. 

Hoerman and Berzinskajs (7) collected parotid saliva by the Curby 

modification of the Lashley parotid cups. Nine to 12 distinct protein 

zones were readily detected in 10 samples of parotid saliva after stain¬ 

ing with amido black. Meyer and Lamberts (8) have more recently uti¬ 

lized acrylamide gel and Wool Fast Blue-BL for the electrophoresis of 

parotid saliva. They have observed up to 1+0 components in patterns 
from individual parotid saliva specimens (Fig. 2). 

Ellison et al (9) and Mandel and Ellison (10) have used immuno- 
electrophoresis for identification of the protein components of human 

parotid saliva. They utilized immune sera directed against saliva 

and individual serum proteins. Seven proteins, immunochemically 

similar to plasma protein, were detected. The differences in salivary 

protein concentration were rather small in various individuals. Fi¬ 

brinogen could not be detected, but albumin, orosomucoid, ceruloplasmin, 

beta-lipoprctein, transferrin and beta 2-macroglobulin were found. 
The highest concentration of protein was that of gamma-globulin. 

The present study attempts to further define the composition of 

parotid saliva relating various immunoglobulins detected by immunologic 

methods to the patterns obtained during the separation of proteins by 

acrylamide gel electrophoresis, and to localize immunoglobulins to a 
specific portion of the electrophoretic pattern. 
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MATERIALS AND METHODS 

Collection and processing of specimen 

Acute and convalescent specimens of parotid saliva, serum, and 
nasal washings were collected from 50 Navy recruits. 

Parotid saliva was collected in modified Lashley cups and cooled 
during collection to about 1*°C. Salivary flow was increased by the 

use of lemon-flavored troches. Each specimen was measured, then dia¬ 

lyzed 2-k hours in distilled water to remove salts. 0.5 ml of each 
sample was removed for total protein studies . 

The organic components in parotid saliva are so diluted that 
separation is difficult to visualize after staining. Concentration 

was accomplished by placing each sample (9-12 ml.) in 30 ml. vaccine 
bottles, and lyophilizing for 12 hours. 

Electrophoretic separation 

Gel-strip preparation was adapted from the methods of Meyers and 

Lamberts (8). One hundred gm of acrylamide and 2.668 gm of methyl¬ 

ene bisacrylamide were dissolved in tris-EDTA-boric acid buffer con¬ 

taining 1.2 ml of N,N,N,N,-tetramethylethyldiamine (TEMED), and the 
volume adjusted to 2 liters. Two hundred mg of ammonium persulfate 

was added to 200 ml of acrylamide solution to initiate polymerization, 

and the resulting mixture was poured into a "Plexiglas" mold, designed 

to produce a 265 x 50 x 3 mm gel strip. Polymerization was accomplished 
after about 30 minutes at room temperature. 

For electrophoresis, 6 mg of each lyophilized sample was dissolved 

in 0.1 ml tris-EDTA-boric acid buffer. Seven to 8 spaced incisions 

were made across the midpoint of a gel-strip, and wicks measuring 

3 x lU mm (Schleicher and Schuell No. 1+70) were soaked in the samples 

for 5 minutes. The gel-strip, sandwiched between "Parafilm" sheets, 
was then placed in a horizontal water-cooled electrophoresis unit. 

Electrical contact between the gel-strip and the bridge buffer was 

maintained by paired paper wicks (Schleicher and Schuell No. 1+70). 

Electrophoresis was carried out for 5.0 hours at a field strength of 
550 volts and a current of 5*0 ma. 

Staining 

Initially, the strip was stained for 1 hour with a 1% Wool Fast 
Blue - BL solution. Excess stain was removed by allowing the gel to 

stand in a 7Í glacial acetic acid overnight. Subsequently, it was 

found that better resolution resulted when the mixture of Meyer and 

Lamberts (8), containing 0.5^ (v/v) Wool Fast Blue in methanol-water- 

glacial acetic acid (5:5:1), was used. It was therefore indicated 

that an optimum time-concentration relationship exists for the stain¬ 

ing and destaining methods in acrylamide electrophoresis. 
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Isolation of parotid IGA (membrane ultrafiltration) 

Parotid saliva, 200 ml, was collected from the same individual and 
processed as previously mentioned. Ultrafiltration was attempted by 
Diaflo membranes (Amico Corporation). Centriflo membrane filter cones 
were employed with the Diaflo membrane ultrafiltration technique for 
concentration and purification of small samples of biological fluids. 
XM-100, XM-50, and PM-30 membranes were used, (Fig. 3), which separated 
molecules of 100,000, 50,000 and 30,000 M.W., respectively. 

Column chromatography 

Columns containing Sephadex G-100 and G-200 were also used for 
separation, from which nine fractions were obtained. These were 
evaluated for the presence of IgG, IgA, and IgD by immunodiffusion. 
Subsequently, all fractions were studied in parallel by acrylamide 
gel electrophoresis. 

RESULTS 

The total protein level found in parotid saliva had a range of 
2.62 mg/ml with a high of 3.355 mg/ml, a low of 0.735 mg/ml, a mean 
of I.786 mg/ml and a standard deviation of 5.60 mg/ml. The method 
of Lowry weis used and results were in agreement with those of Wolf 
and Taylor (ll). Slab electrophoresis provided an ideal method for 
the resolution of parotid fluids. The number of identifiable compo¬ 
nents ranged from 7 to more than 20 (Fig. U). This technique did not 
yield satisfactory resolution of serum and nasal washings (Fig. 5). 

Attempts to isolate the IgA by filtering cones resulted in both 
the filtrate and non-filtrate being positive for IgA (Fig. 6 and 7). 
This method was therefore abandoned in favor of column chromatographic 
means of separation. Again, filtrates and non-filtrates were collected 
and the IgA molecule appeared in filtrates supposedly consisting of 
molecules having a molecular weight less than 100,000 (Fig. 6 and 7). 

Separation by Sephadex G-100 resulted in partial separation of 
parotid fluids. Good electrophoretic resolution and separation were 
obtained (Fig. 8). Fractions II sind III contained both IgA and IgG 
as determined by gel-diffusion techniques. The various fractions 
were placed in the peripheral wells while the IgA and IgG were placed 
in the center wells (Fig. 9). IgD was not identified as a component 
of any chromatographic fraction. Fractions II and III were run against 
antiserum to IgA, IgG and IgD (Fig. 10). Fractions II and III were 
placed in the center wells while the antisera were placed in the periph¬ 
eral wells. Fraction II was positive for IgA and IgG but was negative 
for IgD. Fraction III was strongly positive for IgA with trace ai..ountj 
of IgG, and negative for IgD. Fractions II and III were diluted out 
and titered. A 10.0 mg sample was diluted initially with 0.1 ml of 
tris-EDTA-boric acid buffer and subsequent doubling dilutions with 
saline from 1:2 to 1:256 were done (Fig. ll). Fraction II was positive 
for IgA in a 1:2 dilution, whereas fraction III was faintly positive 
for IgA in a 1:16 dilution. Therefore, fraction III is positive for 
IgA at a concentration of at least 75 wg/ml. 
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DISCUSSION 

The best resolution was obtained by the use of Meyer and Lamberts' 

that o?ntb°f ^\FT,B1Ue - BL‘ beSt d-taining ïechn^ue was that of the 1% glacial acetic acid solution. 

were ^^^00118^8^6^^8613^^10118 observed vhe^ using the ultramembranes The !!S y related to the fact that the molecular weigiit specified by 
the membrane assumes a spherical molecule. Since the IgA molecule is 
probably not sphericai, it passed easily through the membranes which 

wIT J f1 to screen it out. It should be noted that much difficulty 
or XM-100 enCed in usins the XM“50 membrane, as compared to the PM-30 

tributlon fr0liîi0neVaS accomPlished ^ determining the protein dis¬ 
tribution in saliva from acute and convalescent Naval recruits. IrA 
was isolated in 2 of 9 fractions from Sephadex-G 100 Chromatography? 
The electrophoretic pattern indicated that the IgA component has a slow 
ÎT IhJ“1? bh®refor® remained close to the origin. This seems logical, 

Ilrl ha!*a hÍSh molecular wei«h j “d would be expected to migrate 
*île; Zt Was ^3° f0Und that I«A could be identified, both 

qualitatively and quantitatively, by immunodiffusion on Ouchter] ny 
plates• J 

Under the conditions of this study, IgA is best isolated by 
column chromatography. Sephadex G-100 is most useful in the primary 

?e?ííatíln4°f SalíVaiy comP°nents whereas, through the use of Sephadex 
u-¿uo, it is possible to separate IgA from IgG. 

SUMMARY 

Various protein components of parotid saliva were separated by 
Bcrylamide-ge! electrophoresis. The immunoglobulin IgA was isolated 
and identified, both qualitatively and quantitatively, by immunodiffusion 
Sephadex G-100 and G-200 provided excellent vehicles for the fractionatio? 
IIJÍI Parotid Proteins and, when combined with gel-diffusion techniques, 
provided an excellent means for separation and identification of IgA. 
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