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One-half million cases of septicemia are reported 

annually with a mortality of around 35%. Diagnosis depends 

in part on blood cultures which require one to two weeks. 

It would be advantageous if an early sign of septicemia were 

av a. i 1a.b1 e. 

Cytoplasmic vacuolation of polymorphonuclear neutrop-

nils is occasionally seen in the peripheral blood smears of 
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patients who have infections. The object of this work was 

to determine the cause and si9nif icance of cytoplasmic va

cuolation with the 9oal of usin9 the occurrence of vacuola

tion as an early indicator of infection. 

It was necessary first to establish that the phenome

non was not simply an artifact of slide preparation techni-

que. Havin9 established that, I examined the records of 59 

patients displaying vacuolation. The major f indin9 was that 

presence of vacuolation is weakly correlated with a number 

of variables. Sixty-three variables were examined for each 

of 59 patients usin9 multiple regression analysis. Fifteen 

variables made a si9nif icant contribution to the regression 

equation and accounted for 62% of the variability seen in 

percent vacuolation. Among the factors contributing were 

patient age, sex, presence of infection and history of 

alcohol abuse. 

An animal model was developed usin9 mice; a number of 

inter~stin9 but conflictin9 results were obtained. Although 

female in patients were represented in the vacuolation group 

twice as often as male inpatients, in mice the males were 

af~ected at an equal frequency but had twice as high a 

perce~t vacuolation. In addition I observed that the con-

trol animals ultimately demonstrated vacuolation to a degree 

equivalent to that of the experimental animals. Animals fed 

ethanol and animals who received bacterial injection deve

loped vacuolation but those who 9ot both the injection and 



the ethanol had a lower incidence of vacuolation. 

Finally in Yl~CQ induction of vacuolation was 

attempted using plasma from affected individuals and cells 

from healthy volunteers. Vacuolation appeared first in the 

experimental tubes <patient plasma and volunteer cells> but 

was eventually seen in the control tubes <volunteer plasma 

and cells>. 
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The usefulness of cytoplasmic vacuolation as a diagno

stic tool is limited by the fact that its presence is tran

sient and is correlated with a number of factors besides 

infection. However, since 72% of the patients having vacuo-

lated neutrophils are ultimately diagnosed as having an 

infection, vacuolation, when it is present, should serve as 

a warning of the possibility of infection. 
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INTRODUCTION 

Phagocytic leukocytes are divided into two primary 

groups: the monocytic and the granulocytic series. The 

granulocytes ar• further divided into basophils, eosinop

hils, and neutrophils based on the staining characteristics 

of their cytoplasmic granules. In a normal peripheral 

blood smear the predominant leukocyte is the neutrophil. 

The most commonly seen neutrophil is the mature segmented 

form, easily identified by its multi lobed nucleus and chara-

cteristic staining <Figure 1>. The only other developmental 

stage normally seen in a peripheral blood smear is the form 

with an unsegmented or "band" nucleus. 

Many morphologic changes in the neutrophil have been 

described in disease states <Stiene-Martin 1982a. Stiene-

Martin 1982b>. Sutro <1933> described the phenomenon of 

vacuolation of neutrophil cytoplasm as occasionally being 

seen in patients having bacterial infections. Meranze 

<1935> described neutrophils having a "motheaten" appearance 

from cases of both infectious and non-infectious disease. 

One investigator <Gordin 1952> attempted to correlate extent 

of vacuolation with severity of infection, while others 

<Ponder et al 1942> used cytoplasmic vacuolation of neutrop-

hi ls as a measure of the severity of disease. Zieve et al 

(1966> found vacuolated cytoplasm in the neutrophils of 3% 
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of 3500 blood smears from a general hospital population. Of 

this 3%, 98% were from patients whose primary diagnosis was 

bacterial infection. Cytoplasmic vacuolation has been 

observed in the neutrophils of persons treated for ethanol 

abuse <Lindenbaum and Lieber 1969; Davidson and McPhie 1980> 

and in the neutrophils of dogs being fed ethanol <Beard and 

Knott 1966>. 

Vacuolation of neutrophil cytoplasm was reported as 

being transient, lasting only 12 to 24 hours <Zieve et al 

1966; Emerson 1970). The transient nature of cytoplasmic 

vacuolation in patients who respond to treatment corresponds 

well with the turnover rate of neutrophils in the peripheral 

circulation. The implication is that it is the circulating 

neutrophils which are affected, and that when stimulation 

ceases, they are rapidly cleared from the peripheral circu

lation. The half-life for neutrophils in the peripheral 

circulation has been variously reported <Cline 1975; 

Greenwalt 19771 Wintrobe et al 1981> as 6 to 7.5 hours. The 

persistence of vacuolated cells was seen as a very negative 

prognostic sign <Wintrobe et al 1981; Grange 1980>. 

Spontaneous formation of cytoplasmic vacuoles in neut

rophi ls in wet mounts was reported by Gordin <1952> and by 

Bessis <1972>. Gordin <1952> noted that vacuole size 

increased at a constant rate, once formation had begun, 

leading him to the conclusion that vacuole formation was due 

to a physical process not related to cellular metabolism. 
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He further concluded that since vacuoles form in wet films 

and are more often seen in older, more mature neutrophil 

forms, the origin of vacuoles is not a maturational distur

bance, but is due to some peripheral insult. McCall et al 

<1969, 1979> claimed that cytoplasmic vacuol•• were autopha-

gosomes caused by lysosomal membrane instability and that 

this instabilty was precipitated by exposure to bacterial 

Bessis <1972> believed the vacuoles formed 

from a swelling of the mitochondria, rough endoplasmic reti

culum and the golgi apparatus. 

Solberg and Hellum <1972> examined neutrophils from 

bacterially infected patients and found that they were able 

to ingest but were less able to kill bacteria in vivo than 

were neutrophils taken from afebrile patients. Vacuolated 

neutrophils were present in 27% of the infected patients and 

in only 8% of the control patients. Cytoplasmic vacuolation 

is generally held to be a sign of degeneration and impending 

cell death <Bessis 1972, Wintrobe et al 1981>. The phenome-

non has been noted in senescent human fibroblasts <Finch and 

Hayflick 1977> and in the senescent hyphae of the mold 

e2gg~QQ~s sn~~C~QA <Belcour and Begel 1978, Esser and Keller 

1976). 

As many as one-half million cases of septicemia are 

reported annually with an overall mortality around 35% 

<Rubin 1981>. Survival depends upon rapid diagnosis and 

treatment. A complication is that blood cultures require 
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one to two weeks. It would be advantageous to have an early 

and reliable sign of septicemia. 

I have noted from perscnal cbservaticns that cytoplas-

mic vacuolation of polymorphonuclear neutrophils is occasio

nally seen in the peripheral blood smears of patients having 

septicemia. Since an admission blood smear is examined for 

most hospital patients and since the vacuolation is readily 

apparent <Figure 2> I decided to examine more closely the 

relationship between infection and cytoplasmic vacuolation. 

It was necessary first to assess the influence of the 

anticoagulants used in specimen collection on vacuole forma

tion <Chapter I>. Information was then gathered on patients 

displaying vacuolation to find the variables which best 

correlated with appearance of vacuoles <Chapter II>. An 

animal model for cytoplasmic vacuolation was investigated 

<Chapter III>, and an attempt was made, using the nitroblue 

tetrazolium reduction test, to determine the applicability 

of the animal model <Chapter IV>. Finally, Chapter V deals 

with the in YiiCQ induction of vacuolation in neutrophils. 





CHAPTER I 

INTRODUCTION 

There is a common belief both amon9 hematolo9y lab 

technolo9ists and in the literature <Davidson and Henry 

1969; Shafer 1982> that exposure of blood to anticoa9ulants 

induces artifacts, includin9 vacuolation, which render blood 

smears useless for dia9nostic purposes. However, several 

hospitals in this metropolitan area make their dia9nostic 

smears from anticoa9ulated blood, usually usin9 EDTA, as 

anticoa9ulant. 

Since, in some phases of my work it was easiest to 

obtain anticoa9ulated blood and since it seemed stran9e that 

technolo9ists who warned of anticoa9ulant artifact induction 

were, in fact, usin9 anticoa9ulated blood for their smears, 

this study was undertaken to ascertain the vacuole-inducin9 

capability of various anticoa9ulants 9iven prolon9ed ~n 

~~i~g exposure. 

MATERIALS AND METHODS 

Ten 10 ml tubes of blood were drawn from a normal 

healthy subject. Pairs of tubes contained the followin9 

anticoa9ulants: sodium heparin, sodium oxalate, potassium 

oxalate/ sodium fluoride, EDTA, and sodium citrate. As a 

control, needle-tip smears were made usin9 no anticoa9ulant. 
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One tube from each cf the five pairs was held at room tempe

rature C24°C> and the other tube cf each pair was held at 

4•c, the temperatures at which blood is commonly kept in a 

clinical laboratory. Blood smears from the anticoagulated 

bleed were made at O.~, 1, 2, 3, 4, and 14 hours. The 

smears were air dried, fixed fer one minute in absolute 

methanol, and stained with Wright's Stain on an Ames Hematek 

slide stainer. The examination of these and all subsequent 

smears was performed by bright-field microscopy at lOOOx. 

The smears were examined primarily for vacuole forma

tion but color, cell morphology, and presence of other 

artifacts was noted. 

RESULTS 

Smears made from sodium citrate anticoagulated blood 

showed normal white cell morphology through 14 hours. 

Slight crenation of erythrocytes was seen at 14 hours both 

The EDTA anticoagulated smears shewed 

normal morphology through 4 hours. After 4 hours, toxic 

granulatipn, a coarse dark granulation of the cytoplasm 

commonly •een in toxic conditions, occurred in blood stored 

at 24°C but not in blood stored at 4•C <Figure 3>. Again, 

red cell crenation was seen at 14 hours at both tempera-

tures. Heparinized smears had 1% vacuolated neutrcphils at 

1, 3, and 14 hours at 4°C and at 3 hours at 22°C <Figure 4>. 

Potassium oxalate/ sodium fluoride smears displayed 
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erythrocyte crenation at 1 hour at both temperatures. Hepa-

rinized blood yielded smears with slight toxic granulation 

of the neutrophils at 4 hours at room temperature and at 14 

Sodium oxalate smears had toxic granulation 

at 3 hours at 24ac and at 4°C. Twenty percent of the neut-

rophils on the 14 hour 24°C slide had hypersegmented nuclei 

and one neutrophil on the 14 hour 4ac slide had vacuolated 

cytoplasm. Some of these results are summarized in Table I. 

TABLE I 

OCCURRENCE OF VACUOLATION IN ANTICOAGULATED BLOOD 

ANTICOAGULANT 

EDTA 

HEPARIN 

SODIUM CITRATE 

POTASSIUM OXALATE/ 
SODIUM FLUORIDE 

SODIUM OXALATE 

TIME AT 4ac 
0.5 1 2 3 4 14 

+ - + - + 

- - + - + 

TIME AT 22°C 
0.5 1 2 3 4 1 

+ - -

+ vacuolation of neutrophil cytoplasm observed 

- vacuolation of neutrophil cytoplasm not observed 

DISCUSSION 

In no instance did gross morphological alterations 

appear prior to one hour. It is important that with the 

most commonly used anticoagulant, EDTA, no serious changes 
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in morphology were noted prior to four hours. Vacuolation 

was seen only in the pres•nce of heparin or sodium oxalate. 

Providing that th• blood is maintained at 4°C, that 

the anticoagulant used is EDTA or sodium citrate, and that 

the smears are made within four hours of the time the blood 

is drawn, smears made from anticoagulated blood are perfec-

tly suitable for laboratory examination, One can be cer-

tain that vacuolation, if present, is not an artifact due to 

anticoagulant. 



CHAPTER II 

INTRODUCTION 

This second study was directed towards determining the 

existence of any feature common to individuals having vacuo-

lated neutrophils. In addition, I felt that it should be 

possible to determine something about the development of 

vacuolation through examination of blood smears. Specif ica-

lly, one would expect to see at least equal numbers of 

vacuolated bands and vacuolated segmented forms if vacuo-

lation is a maturational disturbance. If it is not a matu-

rational disturbance, the predominant vacuolated form most 

likely would be the older segmented neutrophil. 

MATERIALS AND METHODS 

Local hospitals cooperated by watching for patients 

with cytoplasmic vacuolation and by providing background 

information and Wright's stained blood smears. I drew blood 

daily for ten days from four healthy volunteers. Despite 

the fact that some vacuolation could be attributed to hepa

rin treatment, smears were made from both heparinized and 

non-anticoagulated blood. The use of heparin was necessary 

because blood was obtained by finger stick and only capilla-

ry tubes containing heparin were available. For comparison 

smears were also made by touching the finger directly to th~ 
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slides. In addition twelve healthy volunteers were sampled 

by finger-stick and smears were made directly from the 

finger tip. All smears, heparinized and non-heparinized, 

were made immediately to prevent the possibility of vacuole 

formation caused by technique. Each peripheral smear was 

examined at 1000x and 100 neutrophils were counted. 

were scored for maturity and presence of vacuoles. 

They 

Patient information included age, sex, diagnosis, 

causative agent, differential white cell count, total white 

cell count, erythrocyte count, hemoglobin concentration, 

hematocrit, mean corpuscular volume, mean corpuscular hemog

lobin, and mean corpuscular hemoglobin concentration. Not 

all information was available in all cases. 

The strength of the relationship between percent va

cuolation <cells exhibiting vacuolated cytoplasm per 100 

cells examined> and the other variables was measured using 

an SPSS multiple regression package on Portland State 

University's Honeywell computer. 

RESULTS 

One of the participating hospitals averaged 1412 mon

thly admissions and supplied me with an average of 2 pa-

tients per month displaying vacuolation. This amounts to 

only 0.14% of the entering hospital population. This number 

should be considered the maximum occurrence of vacuolation 

in the hospital population since blood smears are scanned 



14 

not only from newly admitted patients but also from resident 

patients and from patients who pass through the emergency 

room but are not admitted. 

No difference was noted between smears made from hepa-

rinized or non-heparinized blood. Three of the four healthy 

individuals showed no neutrophil vacuolation on any of the 

ten days. The fourth individual had 1% vacuolation on four 

of the ten days. None of the twelve one-time volunteers 

showed vacuolation on a peripheral smear. 

The fifty-nine hospital inpatients who were selected 

for presence of vacuolation had a mean percent vacuolation 

of 17.6% <segmented neutrophils 8.1%, band neutrophils 

10.1%). As can be seen from the data in Figure S, the most 

common percent vacuolation was in the 0-5% range. 

Final diagnosis was available for forty-seven of the 

fifty-nine inpatients. Fifteen subjects <32%> had septice-

mia, nineteen <40%> had local infections, and thirteen <28%> 

had no demonstrable infection <Table II>. Nine <19%) of 

the patients with vacuolation <infected and non-infected> 

were known ethanol abusers. Included in this group were the 

only two cases of septicemia due to enteric bacteria. 



E~9~C~ §. Frequency of occurrence versus percent vacuola
tion for hospital inpatients. 
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TABLE II 

DISTRIBUTION BY DIAGNOSIS, AGE, AND SEX 
OF INPATIENTS DISPLAYING VACUOLATION 

DIAGNOSIS 

SEPTICEMIA 15 cases: 
<3 ethanol abusers> 

Cause: 
~. .i.n.f..lY~.D.A2!! 
§. Q.D.JtYIDQ.D..!.2Jt 
~- &Q.l.!. 
~ • m~n.!.n..9.i.1.i.si.i.z 
§ • 2Y!:JtY.§ 
Unknown 

MALES 

4 

3 
1 

LOCAL INFECTION 19 cases: 3 
<3 ethanol abusers> 

Cause: 
~· .!.nf.lY~.D.A2!! 
§. Q.D.J!YIDQ.D..!.2~ 

~- &Q.l.i. 
§. 2Y!:~Y.§ 
fungi 
Unknown 

NO INFECTION 13 cases: 
Cl ethanol abuser> 

Ailment: 
Lung 
Heart 
Stroke 
Cancer 
Nephritis 

UNKNOWN 12 cases: 

TOTAL 59 cases: 

ETHANOL ABUSERS 7 cases: 

1 
2 
2 

6 

1 
1 
3 
1 

4 

19 

3 

MEAN 
AGE 

22 

66 

40 

61 

46 

57 

FEMALES 

11 

2 
3 
4 
2 
3 
1 

16 

2 
2 
8 
3 
1 
3 

7 

2 
1 
1 
2 
1 

8 

40 

4 

17 

MEAN 
AGE 

48 

52 

63 

62 

52 

50 
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DISCUSSION 

As noted •arlier not all information was available on 

all patients. Access to patient records was understandably 

limited but this limitation did make the study more diffi-

cult and the conclusions drawn less certain. It would have 

been very helpful if such information as time of onset of 

the illness, antibiotics taken, date therapy was begun, 

complications, and final resolution of the illness had been 

available. Certainly all of this information could have 

been made available without compromising patient privacy. 

For patients currently showing cytoplasmic vacuolation 

smears should be made every two or three hours to track the 

course of the vacuolation. 

Although no attempt was made to quantify the degree of 

vacuolation within an individual cell it was noted that 

vacuolation of the neutrophil cytoplasm was usually limited 

to a few small <1.0 micron> vacuoles. Figure 1, from the 

admission blood smear of an affected individual, is typical. 

On occasion, vacuoles were of much greater size <Figure 6> 

or present in greater numbers <Figure 7>. 

Systemic and local infections taken together accounted 

for 72% of the patients for whom diagnosis was known. This 

was anticipated since activation of neutrophils by bacterial 

products preceeding phagocytosis is known to be a cause of 

cytoplasmic vacuolation <Bigley, personal communication>. 

It is not clear what the cause of vacuolation was in the 13 
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cases who had non-infectious diseases. There was no obser-

vable qualitative difference in the vacuolation nor was 

there any observable difference in persistence of vacuola-

ti on. Table III displays the sex differences noted. Twice 

as many female as male patients were found to have vacuola-

tion althou9h the percent vacuolation was very similar bet-

ween sexes. 

Although the hospital population does have more women 

<61%> than men C39%) most of this disparity is due to a 

large number of obstetrics patients, none of whom are a part 

of our vacuolation group. The numbers of men and women 

admitted for treatment of an illness is approximately equal. 

TABLE III 

SEX EFFECT OF NEUTROPHIL VACUOLATION IN INPATIENTS 

SEX 

MALE 

FEMALE 

N 

20 

40 

% VACUOLATION 
<vacuolated cells 

per 100 cells 
examined) 

8.4 

7.8 

A lar9e amount of information had been collected on 

each of the fifty-nine patients. To find out if there was 

any relationship between these variables and the observed 

percent vacuolation a multiple regression program which is 

part of the SPSS statistical package was run. Correlation 
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coefficients of the independent variables with percent va-

cuolation are found in Table IV. A more complete list is in 

the Appendix. Since percent vacuolation is not a normally 

distributed variable <Figure S> the skewness of its distri

bution makes the observed values inaccurate estimators of 

the population mean <Snedecor and Cochran 1968>. To correct 

for the skewed distribution it was necessary to perform a 

transformation, using the square root of the arcsine of 

percent vacuolation as the dependent variable in the regres

sion <Clarkson, personal communication>. 

Some of the results of the regression are shown in 

Table V. The letter r stands for the regression 

coefficient. It is a measure of the correlation between 

percent vacuolation and the variable listed. The notation 

r 2 represents the proportion of the variance of percent 

vacuolation which is accuonted for by the listed variable. 

For example, 9% of the variance in percent vacuolation may 

be attributed to the combined variable patient age and 

presence of local infection. It is important to note that 

the r and r 3 columns display cumulative values. Therefore, 

for the fifteen variables listed in the table, the 

cumulative contribution is to accuont for 62% of the 

variance in percent vacuolation. Although thirty of the 

sixty-three original variables and combinations were 

significant at the O.OS level, I listed only fifteen in the 



TABLE IV 

CORRELATION COEFFICIENTS FOR INDEPENDENT AND 
CALCULATED VARIABLES 

VARIABLE 

ETHANOL ABUSE 
M~i•~~ciA m~n!n9i~!si~ 
LOCAL INFECTION 
SEPTICEMIA 
MENINGITIS 
SYSTEMIC INFECTION 
SE>< 
AGE 
~~mggbil~• !nf!~~n~2~ 
WHITE BLOOD COUNT 

AGE X LOCAL INFECTION 
SYSTEMIC X LOCAL INFECTION 
ETHANOL ABUSE X SYSTEMIC INFECTION 
AGE X WHITE BLOOD COUNT 
LOCAL INFECTION x li· in!l~~n~2~ 
AGE X SYSTEMIC INFECTION 
WHITE BLOOD COUNT X LOCAL INFECTION 
WHITE COUNT X ETHANOL ABUSE 
M~i••~ciA m~nin9i~ig!~ x SEPTICEMIA 
AGE X SEX 
SEX X ETHANOL ABUSE 
AGE x ~- m~n!n9!~!g!§ 

CORRELATION 
COEFFICIENT 

0.22 
o. 16 
o. 16 
0.11 
0.11 
o. 10 
0.00 
0.02 
0.01 

-0.12 

0.30 
-0.19 
o. 17 

-0.07 
0.01 

-0.16 
0.08 
0.18 
0.23 
0.08 
o. 10 
0.23 

22 
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TABLE V 

VARIABLES IN THE REGRESSION EQUATION 

VARIABLE 

PATIENT AGE X 
LOCAL INFECTION 

SYSTEMIC X 
LOCAL INFECTION 

ETHANOL X 

CUM. 
r 

.30 

.41 

SYSTEMIC INFECTION .50 

AGE X WBC .55 

LOCAL INFECTION .58 

LOCAL INFECTION X 
!::! • .i..n!l~!!ni.~!! 

AGE X SYSTEMIC 
INFECTION 

WBC X 
LOCAL INFECTION 

WBC X 
ETHANOL ABUSE 

ETHANOL ABUSE 

~· ID!!!!.i.!!9.i.i.i.2.i.~ X 
SEPTICEMIA 

AGE X SEX 

.62 

.65 

• 67 

.69 

• 72 

• 74 

• 76 

SEX X ETHANOL ABUSE .77 

AGE • 78 

AGE X 
~ • m~.n.i.nsiiis!.i.Je • 78 

CUM. 
rZ 

.09 

• 1 7 

.25 

.30 

.33 

.38 

.42 

.45 

.48 

.52 

.SS 

.57 

.59 

.60 

.62 

F 

5.5 

5.5 

6. 1 

5.8 

5.3 

S.4 

5.4 

5.2 

5. 1 

5. 1 

5.2 

5.2 

s.o 

4.8 

4.6 

REJECTION REGION 
FOR F <. 05 > 

i,4.00 

i,3.15_ 

i,2.76_ 

i,2.53 

i,2.37 

i,2.25 

i,2.17 

i,2. 10 

i,2.04 

i,1.99 

i,1.92 

i1. 84 
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table. The reason for this is that beyond the fifteenth 

step in the regr•ssion the chang•s seen in r 2 were very 

small, all less than 0.01. Fi+t•en variables taken together 

accounted for no mer• than 62% of the variance in percent 

vacuolation. In fact, if all thirty variables were included 

still only 70% of the variance would be explained. The fact 

that so many variables ar• involved in percent vacuolation 

shows that the phenomenon very likely has a number of con-

tributing causes. Specifically, vacuolation appears to be 

related primarily to increasing patient age, excessive etha-

nol use, and presence of bacterial infection. Of course the 

finding of an association does not prove cause. From the 

data it is clear that an incr•ased probability of occurrence 

of vacuolation is correlated with increasing age of the pa

tient, with increasing white blood count (specifically neut

rophils>, with presence of inf•ction, and with history of 

ethanol abuse. Seventy-two percent of the patients for whom 

diagnosis was known were known to have a concurrent infec-

tion <Table II>. One could predict then, in an older pa-

tient showing vacuolation on an admission blood smear, a 

high probability of infection. This is especially true if 

there is a history of ethanol abuse •. 

It is worth noting that the healthy volunteer who had 

1% vacuolation on several days is both female and is over 

fifty years of age while the other three volunteers were all 

under forty. This is consistent with the age and sex fac-
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tors we have noted above. Taken together there were sixteen 

h@althy volunteers only one of whom showed any degree of 

vacuolation. 

The percent vacuolation on an admission blood smear 

does not correlate strongly with either local infection 

<0.16> or systemic: infection (0.10). However, in 1 i gh t of 

presence of vacuolation on the smear, my finding that 72% of 

these individuals are eventually confirmed as having an 

infection <32% septicemia, 40% local infection>, and the 

fact that only 0.14% of the more than 33,000 patients ente

ring this hospital in a two year period were found to have 

vacuolation, the presence of vacuolation, regardless of 

percentage, should be regarded as early presumptive evidence 

of a possibly dangerous infection. 



CHAPTER III 

INTRODUCTION 

Due in part to the difficulty of obtaining daily 

specimens from hospital patients and in part to the lack of 

control over such variables as age, sex, type of disease, 

antibiotics administered, and other treatments, I felt that 

an animal model would be helpful. Mice were chosen for ease 

in obtaining, bleeding, and maintaining. 

There are some notable hematologic differences between 

mice and humans. Differential counts of human peripheral 

leukocytes normally show 50 to 70% segmented neutrophils 

<Davidson and Henry 1969). Segmented neutrophils usually 

represent only 8 to 15% of the circulating leukocytes in 

mice <Hardy 1967). According to Hardy (1967), segmented 

neutrophil percentages in Swiss mice have been reported to 

have a mean of 58%. 

In this study an attempt was made to induce cytoplas-

mic vacuolation in mice. Examination of patient histories 

reveal a high incidence of bacterial infection, ethanol 

abuse or a combination of the two in humans having cytoplas-

mic vacuolation. A positive relationship between the histo-

ry of infection and ethanol abuse and the degree of vacuola-

tion can be shown <Chapter II>. Therefore attempts were 

made to induce vacuolation in mice with bacteria and 
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ethanol. 

MATERIALS AND METHODS 

Forty Swiss outbred mice <twenty females and twenty 

males> were obtained from Simonsen Laboratories. The mice 

were divided into four groups, each having five f•males and 

five males. To minimize fighting, males and females of each 

group were k•pt in separate cages. Within each cage the 

mice were marked with a felt pen for individual identif ica-

ti on. Blood was drawn from all mice immediately before 

beginning the •xperiment using the rapid orbital bleeding 

technique of Riley <1960). 

All forty mice were maintained on water ad libitum and 

Purina Rodent Chow except for the following experimental 

deviations: a contol group of ten received water and Rodent 

Chow; a second group of ten had as their only source of 

liquid 10% ethanol in waterJ a third group was injected 

intraperitoneally with 3x10• heat killed s3Sh~rishi2 SQli; 

and a fourth group had 10% ethanol as their only liquid and 

were injected with S• sgli· 

The bacterial suspension was prepared as follows: a 

loopful of S• SQli was introduced into 20 ml of Luria broth 

and incubated at 37ac in a shaking incubator until a Klett 

reading of 70 was obtained <3x10• bacteria per ml>. To 

ensure that the mice would survive during the experiment, 

the bacteria were killed by boiling the suspension for ten 
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minutes. McCall <1969 and 1979> and Bigley <personal commu-

nication) claim that the vacuolation was due to the presence 

of bacterial products and not the bacteria themselves so I 

felt it was not necessary to expose the mice to live bacte

ria at this time. Aliquots of the boiled suspension were 

plated on nutrient agar to assure that the bacteria were 

killed. The remaining suspension was spun at 7000 RPM for 

ten minutes to sediment the cells, the broth was poured off 

and the cells were resuspended in 0.8S% saline. The cells 

were washed twice more, suspended in sterile 0.85% saline 

and 1.0 ml aliquots were injected into the mice in the 

bacteria and the bacteria/ ethanol groups. 

All mice were bled daily for 14 days. The blood was 

collected in VWR micro-hematocrit capillary tubes which 

contained, as anticoagulant, 2.0 USP units of ammonium hepa-

rin. Although heparin has been shown to be correlated with 

vacuolation <Chapter I> it has only had that effect on white 

cells after a minimum one hour exposure at 4°C. Therefore 

care was taken that the blood was immediately drawn, smeared 

and air dried. There was neither a prolonged exposure to 

the heparin solution nor to reduced temperature. Blood 

smears were made on microscope slides, fixed for 60 seconds 

in absolute methanol, and subsequently stained with Wright's 

stain in an Ames Hematek slide stainer. Slides were exa-

mined in brightf ield at 1000x for gross morphology. Fifty 

neutrophils were counted per slide and were scored for 
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maturity and presence of vacuoles. 

RESULTS 

The initial blood smears from the mice, showed vacuo-

lation in only three mice, two males and one female. Figure 

8 shows a normal blood smear with no evidence of vacuola-

ti on. The level of vacuolation was lowl 2 to 4 percent. 

The reactions of the bacteria, ethanol, and control 

group mice were very similar with mean percent vacuolations 

of 9.9%, 9.4%, and 8.1% respectiv•ly. The mice exposed to 

ethanol and bacteria however, had a mean percent vacuolation 

of only 4.4%. Although the variability within groups is 

very large it is roughly the same between groups. Males had 

consistently higher percent vacuolation in every experimen-

tal group than did females <Figure 9>. The difference was 

one of degree not of occurrence sine• all but one of the 

forty mice developed vacuolation at some time during the 

experiment. The mean percent vacuolation for males was 

approximat•ly twice that of the females. In humans sex was a 

factor in occurrence of vacuolation but not in percent 

affected cells. 

Concurrent with vacuolation in 42% of the occurrences 

was a peculiarity of the plasma which resulted in smears 

having a bubbly background appearance. This feature may be 

seen in Figure 10. The presence of this bubbly, distorted 

background on the slide was far more common for the male 





E~9~C~ ~. Mean percent vacuolation for mice by sex and 
•xp•rim•ntal group. 
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than for the female mice <Figure 11>. Comparison of Figures 

9 and 11 reveal a high correlation between the disrupted 

background, vacuolation, and sex in mice. This phenomenon 

was never seen in the peripheral blood smears of humans. 

Those mice which had greater than 50% vacuolation frequently 

had neutrophils whose cytoplasm had a frothy appearance, 

showing such a mass of vacuoles that the nuclei were distor-

ted <Figure 12>. This feature also was never observed in 

blood smears from human subjects. 

DISCUSSION 

Since the control animals had a vacuolation response 

equivalent to that of the experimental groups the bacterial 

injections and/or eth~nol feedings were evidently not the 

sole cause of the vacuolation. It is more likely that 

tissue necrosis due to daily orbital bleeding was the causa

tive agent. 

One curiosity is the lower levels of vacuolation noted 

in the ethanol/bacteria group. It appears as if ethanol 

consumption has in some way interfered with or modified the 

process of vacuole formation. Whether this is due to a 

reduction in the stress sensed by the animal, or due to a 

metabolic effect is not known. It is also not known why 

there is such a disparity between males and females in all 

experimental groups. Despite far higher percentages of 

vacuolation in males there was no difference in frequency of 
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occurrence of vacuolation between sexes. Human subjects, 

whether male or female, had nearly the same percent vacuola

tion but there were differences in occurrence between the 

sexes, with female subjects being affected twice as 

frequently. 



Ei9~~~ 11· Occurrence of disrupted back~round by sex and 
experimental ~roup. 
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CHAPTER IV 

INTRODUCTION 

Given the occurrence of vacuolated neutrophils in 

experimental animals it would be valuable ta knew whether 

the vacuolation is induced by bacterial injection, ethanol 

ingestion, er by same ether stimulus. 

During phagacytasis neutrophils experience a burst cf 

aerobic respiratan <Karnovsky 1962> coupled with an increase 

in hydrogen peroxide production <Karnovsky 1962). At this 

time nitrablue tetrazalium <NBT> can be reduced within the 

phagocytic vacuole ta blue formazan by the action of NADH 

oxidase <Miller and Kaplan 1970>. Nitroblue tetrazolium 

enters the neutrophil by precipitating with heparin or fib

rinogen and being phagocytosed <Segal and Jones 1980). A 

low percentage of neutraphils from healthy individuals 

(6.6%> <Jongeling 1975>, and those from patients with nan

bacterial illnesses <5.8 to 9.5%> <Park et al 1968> give a 

positive reaction with NBT. Cells which have been "acti-

vated" by exposure to bacteria or their products give a 

positive reaction with NBT although nc evidence cf phagocy

tosis may be seen <Bigley personal communication>. The 

percentage of positives is 29% to 47% in cases cf bacterial 

infection <Park et al 1968> and might therefore be useful in 

distinguishing between cells vacuolating due tc exposure to 



bacterial products and cells reacting to tissue necrosis 

<Bigley personal communication>. 

MATERIALS AND METHODS 

Two runs were performed. In each run twelve Swiss 
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outbred mice were divided into four groups of three animals 

each. They were maintained on the same experimental regimen 

as the groups of mice in Chapter III, except that the ~. 

~gi~ used in run number one were viable, not heat killed. 

The reason for using viable bacteria was to see if there was 

a difference in the response of the mice depending on the 

condition of the bacteria. The bacteria used in run number 

two were heat killed. Peripheral blood smears were made 

daily for each animal and stained with giemsa <Davidson and 

Henry 1962 > • 

vacuolation. 

These smears were examined for presence of 

The nitroblue tetrazolium reduction test was 

also performed daily as outlined in Hennig <1979> with the 

following modifications: 1> the blood was drawn using hepa

rinized microhematocrit capillary tubes, and 2) phorbol 12-

myristate 13-acetate was omitted from the procedure and an 

equal volume of 0.85% NaCl was substituted. Slides were 

prepared and the cells were scored as to positive or nega

tive NBT reaction according to the criteria of Jongeling 

( 1975>. Phorbol 12-myristate 13-acetate causes activation 

of the neutrophils and was used prior to the beginning of 

the experiment with blood from each mouse to establish the 
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maximal NBT response for the mice. The inclusion of phorbol 

12-myristate 13-acetate in the original procedure was for 

the purpose of finding those individuals who have a deficit 

in bacterial killing capacity <Hennig 1979>. 

RESULTS 

The results for runs number one and two are shown in 

Tables VI and VII respectively. The data listed under day 

one for both tables were acquired the day before the experi-

mental protocol was instituted. On day one of the first run 

three animals showed vacuolation and two had a positive NBT 

test. On day one in run number two, all animals were free 

from cytoplasmic vacuolation and all were negative for NBT 

reduction. However, the ability of mouse neutrophils to 

react to NBT was demonstrated by the strong positive reac

tions obtained when the cells were stimulated with phorbol 

12-myristate 13-acetate <Figure 13). All mice tested with 

phorbol 12-myristate 13-acetate showed a positive NBT reac

tion. 

Animals whose cells became positive for NBT reduction 

during the course of the experiment showed a much weaker 

reaction <Figure 14>. Ten of twelve animals in run number 

one developed a positive NBT reaction at some time during 

the experiment. All of the animals in run number 2 deve-

loped a positive NBT and for ten of them the reaction re

mained positive for the balance of the experiment. 
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Experimental animals developed a positive NBT reaction on 

the average one day sooner than control animals. Vacuo la-

ticn was mere prevalent •arly in controls and later in non-

controls. 

The correlation coefficient for the vacuolation/NBT 

relationship was only 0.23. 

TABLE VI 

PRESENCE OF VACUOLATION AND POSITIVE NITROBLUE TETRAZOLIUM 
TESTS IN FOUR GROUPS OF MICE 

DAY 

1 VAC 
NBT 

2 VAC 
NBT 

3 VAC 
NBT 

4 VAC 
NBT 

S VAC 
NBT 

6 VAC 
NBT 

7 VAC 
NBT 

CONTROLS 

1 2 3 

+ 

+ 
+ 

+ 
+ 

+ + 

+ 
+ 

+ 

RUN NUMBER ONE 

ETHANOL 

4 s 6 

+ 

+ + 

+ 

+ 

+ + 

LIVE 
BACTERIA 

7 8 9 

+ + 
+ 

+ + + 
+ + 

D + D 
+ 

D 

ETHANOL/ 
LIVE BACT. 

10 11 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

12 

+ 

+ 

+ = positive NBT test or presence of vacuolation 

- = negative NBT test or absence of vacuolation 

D = deceased 
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TABLE VII 

PRESENCE OF VACUOLATION AND POSITIVE NITROBLUE TETRAZOLIUM 
TESTS IN FOUR GROUPS OF MICE 

1 

2 

3 

4 

5 

6 

DAY 

VAC 
NBT 

VAC 
NBT 

VAC 
NBT 

VAC 
NBT 

VAC 
NBT 

VAC 
NBT 

CONTROLS 

1 

+ 
+ 

+ 

+ 

2 3 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

RUN NUMBER TWO 

ETHANOL 

4 5 6 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

KILLED 
BACTERIA 

7 8 9 

+ 

+ 
+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

ETHANOL/ 
KILLED BACT. 

10 11 

+ 
+ 

+ + 

+ 

+ 
+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

12 

+ 

+ 

+ 

+ 
+ 

+ = positive NBT test or presence of vacuolation 

= negative NBT test or absence of vacuolation 

DISCUSSION 

Due to the appearance of vacuoles and positive NBT 

reactions in control animals it is clear that the ETOH and 

bacteria were not the only stimuli to which these animals 

were reacting. The expected results were positive NBT reac-

tions and the presence of vacuolation in experimental ani-

mals and negative NBT reactions and the absence of vacuola-

tion in control animals. However, not only did control 

animals have positive NBT reactions and vacuolation 
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but there was little correlation between the vacuolation and 

NBT respcses. 

Animals exposed to viable bacteria only succumbed to 

For this reason this 

discussion will be primarily concerned with the animals in 

run #2. 

The non-control animals did respond with a positive 

NBT reaction on the average one day earlier and it is proba

ble that this enhanced response is the differential amount 

which may be attributed to the action cf the ethanol and/or 

bacteria. The fact that all animals ultimately responded 

can be attributed to the tissue irritation and destruction 

which is unavoidable given daily bleeding which causes tis

sue necrosis, encourages eye rubbing by the animals and 

results in local infection. There was very little differen-

ce between groups <run #2) in number of days in which a 

positive NBT test result was seen (control= 10 days, ETOH= 

12 days, Bacteria= 14 days, ETCH/Bacteria= 12 days>. 

The vacuolation response was less clear cut. The ap-

pearance of vacuolation averaged one day earlier in controls 

than in experimentals. Among the animals given viable bac-

teria only (run #1>, vacuolation appeared within the first 

two days. 

The highest incidence of vacuolation was among the 

members of the ETCH/Bacteria group <run #2). It is in this 

respect that the results of the two runs are in conflict. 
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The members of the ETCH/Bacteria group in run ~1 had the 

lowest incidence of vacuolation. On the one hand ETOH seems 

to confer a resistance to the effects of bacterial injec

tion, on the other hand it seems to have a synergistic 

effect. I believe the difference is dependent on whether or 

not the bacteria used are viable. The resistance effect was 

seen only in the case of live bacteria. This gives the 

impression that the growth of bacteria was inhibited in the 

animals receiving ETOH. It is especially interesting that 

the animals which received both viable bacteria and ETOH 

survived the entire course of the experiment with no appa

rent ill effects while those receiving only the bacteria 

died early in the experiment. In the case of animals ex-

posed to heat killed bacteria and ETOH there was no possibi

lity for inhibition of the bacteria and the injurious ef

fects of the bacteria and the ETOH were summed. 

The low correlation between presence of vacuolation 

and a positive NBT test suggests that the vacuoles seen are 

not phagocytic vacuoles but instead are the result of tissue 

necrosis due to the blood drawing technique. 



CHAPTER V 

INTRODUCTION 

McCall et al <1969, 1979> believed the stimuli pre

cipitating cytoplasmic vacuolation were circulating bacte-

rial chemotoxins. It seems reasonable that whatever the 

factor is that stimulates neutrophil vacuolation it may be 

present in the plasma of the affected individuals, although 

in light of the results of Chapter IV the nature of this 

factor is in question. As a simple test of this hypothesis 

I induced cytoplasmic vacuolation in normal neutrophils, in 

~iicg, by exposure to plasma from affected individuals. 

MATERIALS AND METHODS 

Blood was collected in tubes containing sodium heparin 

from four patients displaying vacuolation. The tubes were 

centrifuged to sediment erythrocytes and the plasma was 

drawn off and frozen. Plasma was maintained at -20°C until 

tested. Each sample was typed against types A1 and B rea-

gent blood cells to determine ABO blood group. Since in 

each of the four cases the individuals were type O, cells 

were obtained from a healthy volunteer <*1> who was also 

type 0. Blood was collected in heparinized Vacutainer tubes 

as for the patients above. The type 0 cells were sedimented 

by centrifugation, the plasma was removed, the red cells and 
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buf fy coat 

until used. 

were mixed, and the cells were stored at 4ac 

In addition, plasma from this volunteer was 

frozen to use in control tt1. Control tt2 used 

from a healthy volunteer having type A blood. 

plasma taken 

Plasma was 

chosen over serum to ensure that no factors which might be 

necessary to the vacuolation process were excluded. 

Vacuolation of neutrophils held in wet mounts has been 

reported <Gordin 1950, Bessis 1972>. To minimize any effect 

due to evaporation or surface contact the use of thin blood 

films on microscope slides was avoided. 

Five 10 ml culture tubes were used in the experiment. 

Each experimental tube received 0.5 ml of cells from volun

teer ttl and 0.5 ml of plasma from one of the patients. 

Control tube #1 contained cells and plasma from volunteer #1 

<type 0 > • Control tube #2 contained cells from volunteer ttl 

<type O> and serum from volunteer tt2 <type A>. Smears were 

made immediately from each mixture, the remainder was incu

bated at 37ac in a C02 atmosphere. Smears were made from 

the mixtures at intervals of O.S, 1, 2, 3, 4, 8, and 16 

hours, air dried, fixed in absolute methanol for one minute, 

stained with giemsa for twenty minutes, and finally examined 

at 1000x for presence of vacuoles in the cytoplasm of the 

neoutrophils. 

RESULTS 

Vacuolation was in evidence in the experimental groups 
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early in the experiment, prior to hour 4. After that time 

the degree of vacuolation in the control tubes rapidly 

increased and ultimately equaled the vacuolation seen in the 

cells from most other tubes. These results are shown in 

Table VIII and in Figure 15. 

TABLE VIII 

PERCENT VACUOLATION OF NEUTROPHILS EXPOSED TO PATIENT 
PLASMA VERSUS TIME OF EXPOSURE 

TIME 
<HOURS> 

PATIENT 0.5 1 2 3 4 8 16 
-------

•u 8 4 12 4 2 2 12 

#2 18 16 14 14 8 10 20 

#3 4 14 24 26 30 12 20 

#4 6 2 10 4 14 0 50 

CONTROL #1 0 6 4 8 12 0 44 

CONTROL #2 2 4 4 14 18 16 50 

DISCUSSION 

It appears that the cells exposed to plasma from 

patients known to have vacuolation of neutrophils vacuolate 

sooner while those exposed to normal plasma develop vacuola-

tion at a later time. The ultimate level of vacuolation was 

just as high in the control tubes as in the experimental 

tubes, only the time frame was altered. 

The differences between the experimental and control 
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groups are given seen in Table VIII. Net until the fourth 

hour did the vacuolation of the controls exceed that of the 

experimentals. The effects of drying and surface contact 

must be considered when looking at the prolonged incubation 

times. Gordin <1952> observed vacuole development in neut-

rophils left in wet mounts for 6-8 hours. This causes some 

doubt as to the applicability cf results compiled after this 

time. The process of vacuolation seems to be limited in the 

time over which it can be sustained. 

showed early vacuolation, for the most part, did not main-

tain that level of vacuolation and were overtaken by the 

tubes which showed a low initial level of vacuolation. 

TABLE IX 

HOURLY COMPARISON OF MEAN PERCENT VACUOLATION 
OF EXPERIMENTALS VERSUS CONTROLS 

TIME <HOURS> 
0.5 1 2 3 4 8 16 

EXPERIMENTAL 9 9 15 12 14 6 26 

CONTROL 1 5 4 11 15 8 47 

Some differences were apparent between experimentals. 

Fer example, one of the patients with the highest initial 

vacuolation was diagnosed as having a severely infected 

wound while one of the patients with the lowest initial 

vacuolation had a septicemia. It is possible that the 

neutrophils from the septicemic patient had had a relatively 

long and thorough exposure to bacterial products and were 
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unable to respond to the same degree as the cells from a 

patient having a local infection and possibly a lesser 

degree of exposure of neutrophils to bacterial products. 

However, the cells from the septicemic patient were the only 

ones to have as high a p•rcent vacuolation at 16 hours as 

the controls. 

The decrease in vacuolation seen in tubes which dis

played vacuolation early could be the result of two factors: 

•curing" of the affected cells or death and disintegration 

of the affected cells. There was no apparent decrease in 

numbers of neutrophils present on smears with increasing 

time into the experiment, nor was there any observable 

increase in cellular debris which would lead one to think 

that cells were being destroyed. As a result of these 

observations, I believe that the transient nature of cytop

lasmic vacuolation ~n ~~~g is due not only to rapid migra

tion of the cells out of the peripheral circulation but also 

due to these cells surviving the vacuolation and regaining a 

normal appearance. 

Once again there is no clear difference between the 

experimentals and controls. The early vacuolation of cells 

in the patient tubes may be taken as an indication that 

there is some factor present inducing vacuolation. The 

delayed vacuolation of control tube #1 cannot be due only to 

incubation of cells and plasma from the same individual 

since delayed vacuolation was seen also in control tube M2 



which had cells and plasma from different individuals and 

differ•nt blood groups. 
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FINAL DISCUSSION 

The appearance of cytoplasmic vacuolation in neutrop

hi ls in the peripheral circulation is a phenomenon which has 

received relatively little study. In Chapter I, I was able 

to show that the appearance of the vacuoles, within certain 

limits, is not an artifact. Only on prolonged standing of 

the blood in the presence of anticoagulant is it possible to 

attribute some of the vacuolation to artifact formation. 

The appearance of vacuoles on the peripheral blood 

smears of hospital inpatients was shown to be most strongly 

related to the presence of infection, particularly in female 

The value of a report of neutrophil 

vacuolation as a predictor of the presence of infection is 

probably quite good but the overall usefulness of vacuola

tion as a diagnostic tool is limited by the facts that it is 

highly transient and and that it is detected in only a small 

fraction of patients having infection. Whether the lac~ of 

detection of vacuolation in patients having infection is due 

only to the short time within which it can be observed or is 

due to the fact that it does not invariably occur is not 

known. 

The attempt to use mice as an animal model raised far 

more questions than it answered. It was possible to demon-

strate the development of vacuolation in mice but the 
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vacuolation had a v•ry different appearance and probably a 

very different cause. Specifically, the vacuolation seen is 

likely to be due to tissue necrosis of the tissues around 

the eye caused by daily ocular bleeding. This was borne out 

by the NBT test which showed that there was essentially no 

correlation between a positive NBT test (stimulation of 

vacuolation by presence of bacterial products> and the occu-

rrence of vacuoles in the experimental animals. The obser-

vation that male mice had almost twice the percentage of 

vacuolated cells seen in females contrasted with the obser

vation in humans that females, while having approximately 

the same percent vacuolated cells were twice as frequently 

In addition, while in humans ethanol abuse was 

weakly correlated with vacuolation, in mice fed ethanol the 

occurrence of vacuolation seemed to be suppressed. 

I was able to show that incubation of normal cells 

with the plasma from patients demonstrating vacuolation did 

induce vacuolation but the cause was ambiguous. Although 

the cells exposed to patient plasma became vacuolated first, 

ultimately all samples, both experimental and control, 

showed vacuolation. 

The occurrence of vacuolation in experimental and 

control animals, of vacuolation in patients not known to 

have infection, the absence of vacuolation in cases of known 

infection, and the occurrence of vacuolation in cells ex

posed to normal plasma as well as plasma from affected 
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patients demonstrates that the phenomenon of vacuolation of 

neutrophil cytoplasm does not have one simple cause. 

It is possible that further study could define the 

biochemical nature of the factors which cause the develop

ment of vacuolation but I am not enthusiastic about the 

benefits that would derive from such a study. 
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CORRELATION COEFFICIENTS 

~8B1.811b~~ ( 1) ( 2) ( 3) ( 4) ( 5) ( 6) ( 7) 

VACUOLATED NEUTROPHILS<l> 1. 0 • :2:2 .10 .16 .01 .16 • 1 1 

ETHANOL ABUSE ( 2) .22 1. 0 • 11 .08 -.12 • 1 1 .15 

SYSTEMIC INFECTION ( 3) .10 • 1 1 1. 0 -.04 .41 .42 .92 

LOCAL INFECTION ( 4) .16 .08 -.04 1. 0 .13 -.19 .01 

!:j. .inf.!.~~!!.~!!~ ( 5) .01 -.12 .41 .13 1. 0 -.09 .45 

~- m~n.in.9iiis!.i3 ( 6) .16 • 1 1 .42 -.19 -.09 1. 0 .15 

SEPTICEMIA ( 7) • 1 1 .15 .92 .01 .45 .15 1. 0 

MENINGITIS ( 8) • 11 .08 .48 -.21 .10 .64 .24 

AGE ( 9) .02 -.02 -.32 .04 -.34 -.25 -.20 

SEX ( 10) -.14 .08 -.04 -.16 .25 -.07 .05 

WHITE BLOOD COUNT ( 11> -.12 .17 - • 11 .08 .06 -.15 -.08 

AGE x LOCAL INF. (12> • 30 .03 -.09 .83 .01 -.15 -.05 

SYSTEMIC x LOCAL I NF. < 13 > -.19 .00 .48 .44 .30 -.08 .52 

ETHANOL x SYSTEMIC ( 14) .17 .63 .36 .01 -.08 .24 .40 

AGE x WHITE COUNT ( 15) -.07 .06 -.22 .07 -.19 -.20 -.15 

LOCAL INF. x 
~- .inf.!~~!!.~!!~ ( 16) .01 -.08 .19 .34 .69 -.06 .22 

AGE x SYSTEMIC INF. ( 17) -.16 .14 .73 .03 .16 • 16 .79 

WHITE COUNT x LOCAL ( 18) .08 .05 - • 11 .so .16 -.15 -.07 

WHITE COUNT x ETHANOL ( 19 > .18 .84 .01 .01 -.10 -.01 .03 

~- m!£n.in9.i1.i5!.i3 x 
SEPTICEMIA <20> .23 .22 .29 -.13 -.06 .69 .32 

AGE x SEX (21) .08 .15 -.20 -.08 -.12 -.14 -.16 

SE>< x ETHANOL (22> .10 .63 -.15 .17 -.08 -.06 -.14 

AGE x ~- m~nin.911.i.5!.i.3<23> .23 .27 .29 -.13 -.06 .69 .31 
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CORRELATION COEFFICIENTS <CONT.> 

~8B18~bg~ ( 8) ( 9) (10) ( 11> ( 12) ( 13) ( 14) 

VACUOLATED NEUTROPHILS<1> • 1 1 .02 .08 -.12 .30 -.19 .17 

ETHANOL ABUSE ( 2) .08 -.02 .08 .17 .03 .08 .63 

SYSTEMIC INFECTION ( 3) .48 -.32 -.04 - • 11 -.09 .48 .36 

LOCAL INFECTION ( 4) -.21 .04 -.16 .08 .83 .44 .01 

~- in±.l!:!.~!l~e~ ( 5) .10 -.34 .25 .06 .01 .30 -.OS 

t::f. m~nin.9.i.!.iit.i..§ ( 6) .64 -.25 -.04 -.15 -.15 -.08 .24 

SEPTICEMIA ( 7) .24 -.20 -.07 -.oa -.05 .52 .40 

MENINGITIS ( 8) 1. 0 -.35 .05 -.05 -.17 -.09 .21 

AGE ( 9) -.35 1. 0 -.14 .15 .33 -.oa -.05 

SEX ( 10) .05 -.14 1. 0 .16 -.13 -.21 -.16 

WHITE BLOOD COUNT ( 11> .05 .15 .16 1. 0 .12 -.08 -.02 

AGE x LOCAL INF. ( 12) -.17 .33 -.13 .12 1. 0 .27 -.13 

SYSTEMIC x LOCAL I NF. < 13 > -.09 -.08 -.21 -.oa .27 1. 0 .21 

ETHANOL x SYSTEMIC (14) .21 -.05 -.16 -.02 -.13 .21 1. 0 

AGE x WHITE COUNT ( 15) -.25 .62 .04 .so .29 -.10 -.05 

LOCAL INF. x 
!j. inil!d~!l~e~ ( 16) -.07 -.13 .01 • 11 .13 .48 -.05 

AGE x SYSTEMIC INF. ( 17) .08 .12 -.16 -.02 .04 .27 -.13 

WHITE COUNT x LOCAL ( 18) -.17 .08 -.10 .41 .71 .23 -.01 

WHITE COUNT x ETHANOL C 19 > -.02 -.03 .12 .36 -.02 .03 .36 

~- m!'.nin9.i.1.i.g.i.a x 
SEPTICEMIA <20> .28 -.03 -.13 - • 11 - • 11 -.06 .38 

AGE x SEX <21> -.15 .32 .74 .22 .01 -.16 -.12 

SEX x ETHANOL <22> -.07 .07 .34 .18 .22 -.07 -.05 

AGE x ~· m~nin.9iii9.i~<23> .34 -.03 -.13 -.12 - . 11 -.06 .45 
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CORRELATION COEFFICIENTS <CONT.> 

~8Bl8~bg~ ( 15) ( 16) ( 17) ( 18) (19) <20) ( 21> 

VACUOLATED NEUTROPHILS<l> -.07 .01 -.16 .OS .18 .23 .08 

ETHANOL ABUSE ( 2) .06 -.08 .14 .OS .84 .22 .15 

SYSTEMIC INFECTION ( 3) -.22 .19 .73 - • 11 .01 .29 -.20 

LOCAL INFECTION (4) .07 .34 .03 .80 .01 -.13 -.08 

}j. .i.n.±1.!:!!tn.~2~ ( 5) -.19 .69 .16 .16 -.10 -.06 -.12 

~- m~n.in.siiigi.e ( 6) -.20 -.06 .16 -.15 -.01 .69 -.14 

SEPTICEMIA ( 7) -.15 .22 .79 -.07 .03 .32 -.16 

MENINGITIS ( 8) -.25 -.07 .OS -.17 -.02 .28 -.15 

AGE ( 9) .62 - • 13 .12 .08 -.03 -.03 .32 

SEX ( 10) .04 .01 -.16 -.10 .12 -.13 .74 

WHITE BLOOD COUNT ( 11> .so . 1 1 -.02 .41 .36 - • 11 .22 

AGE x LOCAL INF. ( 12) .29 .13 .04 .71 -.02 - . 11 .01 

SYSTEMIC x LOCAL I NF. < 13 > -.10 .48 .27 .23 .03 -.06 - • 16 

ETHANOL x SYSTEMIC <14) -.05 -.OS -.13 -.01 .36 .38 -.12 

AGE x WHITE COUNT ( 1 s) 1. 0 -.06 .07 .34 .19 -.09 .36 

LOCAL INF. x 
~- ln.f.l!:!~n.~~!t ( 16) -.06 1. 0 .25 .35 -.07 -.04 -.12 

AGE x SYSTEMIC INF. ( 17) .07 .25 1. 0 -.OS .05 .30 -.08 

WHITE COUNT x LOCAL ( 18) . 34 .35 -.05 1.0 .09 -.10 -.07 

WHITE COUNT x ETHANOL< 19 > .19 -.07 .05 .09 1. 0 .04 .15 

M· !!!~!l.i.!!91!.i.&.i.~ x 
SEPTICEMIA <20> -.09 -.04 .30 -.10 .04 1. 0 -.09 

AGE x SEX ( 21> .36 -.12 -.08 -.07 .15 -.09 1. 0 

SEX x ETHANOL (22) .14 -.05 - • 11 .12 .63 -.04 .38 

AGE x M· m.ttn.i.ns.i.1ig.i.~ < 2 3 > -.09 -.04 .30 - . 10 .06 .98 -.10 



CORRELATION COEFFICIENTS <CONT.> 

VABl8~b~§ <22> <23> 

VACUOLATED NEUTROPHILS<1> .10 .23 

ETHANOL ABUSE ( 2) • 63 • 27 

SYSTEMIC INFECTION ( 3) - • 1 s . 29 

LOCAL INFECTION ( 4) .17 -.13 

(5) -.08 -.06 

( 6) - • 06 • 69 

SEPTICEMIA (7) -.14 .31 

MENINGITIS ( 8) - . 07 • 34 

AGE (9) .07 -.03 

SEX (10> .34 -.13 

WHITE BLOOD COUNT <11> .18 -.12 

AGE X LOCAL INF. ( 12) • 22 - • 11 

SYSTEMIC X LOCAL INF. <13> -.07 -.06 

ETHANOL X SYSTEMIC 

AGE X WHITE COUNT 

LOCAL INF. X 

~ • .i.n±.!.~~n!.2~ 

AGE X SYSTEMIC INF. 

( 14) - • 05 • 45 

( 1 s) .14 -.09 

< 1 6 > - • OS - • 04 

( 1 7) - • 11 • 30 

WHITE COUNT X LOCAL (18> .12 -.10 

WHITE COUNT X ETHANOL<19> • 63 • 06 

~- m~n.i.n9.i.1.i.g.i.~ x 
SEPTICEMIA 

AGE X SEX 

SEX X ETHANOL 

( 20) - • 04 • 98 

(21) .38 -.10 

(22) 1.0 -.04 

AGE x ~- m~nin9iii&i§<23> -.o4 1.0 
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