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j — i» rn test loe* oñ B/HK/72 in September, 1973, 
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l^nirntly ZT¿ Te Mr^rce also evohed a highly satisfactory response. 
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A/Port Chalmers/73 and a moderate response to B/HK/72. 
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“ffi1Âlrrhî«U "WOO CCA unit vactint and the 500 CCA unit 
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A small outbreak of Influenza B. caused^hy «'’the study groups 
occurred in February and Marc . • in incidence were not demonstrated 

between^those'vho^received'earUer (B/Hass/71) and those who received recent 

influenza B (B/HK/72) vaccines. 

A small outbreak of influenza A caused by strains «loseiy related to A/Eng/72 
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PURPOSES 

A. General Aim 

The purposes of the studies carried out during the winter of 1973“74 
to obtain further knowledge about febrile respiratory diseases in newly inducted 

lilitlrv personnel and to improve methods for reducing their incidence or élim¬ 

inât ing7 their occurrence. Influenza, with its ever-changing antigenic patterns, 

presented a new problem. In contrast to the previous year, when antigenic 

change in the influenza A„ virus (A2/Eng/42, H3N2) had posed the major threat, 
A l "„rrent vear interest centered on influenza B strains because of the 

appearance of a new antigenic' variant (B/HK/5/72) . For the first time in many 
üai-c influenza B appeared to pose a more formidable problem than influenza A, 

r„n¡ie "on ^.'information learned atout Influenae A could be 

directly transferred to influenza B required an answer. 

Secondly, adenovirus disease due to types 4 and 7 which, during the past 

two decades! has been the maior cause of febrile disease at Lowry Air Force 

Base had fallen to very low levels during the preceding season, but It was 
'„rcîetr d!h of this decline in Incidence could be attributed to the 

Introduction of universal iiraiunization of incoming troops. Eurthei Infor 
^îôn w« clear“ needed. Major efforts were direct to these two problems. 

At the same time, surveillance of all febrile respiratory diseases was 

continued in the student population at Lowry Air Force Base in order 

detect other previously unrecognized problems. 

B. Specific Aims 

1. Influenza Vaccine 

a. Influenza B 

The behavior of influenza B has differed rom influenza A over the 

years in that antigenic change has occurred by gradual drift without the sharp 

changes, or antigenic shifts, such as those noted in the influenza A epidemics 

of 1957 1968 and 1972. The drift has been surficient to warrant changes 
îh. position of influenza vaccine at relatively Intervals incorporating 

most recently the strains B/!iass/66 and, subsequently, B/Mass/71 in the mil y 

formula. The Armed Services have escaped large outbreaks of influenza B during 

this period although there have been a number of outbreaks in surroun ing civ 
^ This mav have been due to protection afforded by the vaccine, but 

ïh«c â«'no “oat LÏ add “rials ddrlng this period to provide bard evidence 

to support this interpretation. 

The appearance of the new B/HK/5/72 strains, which differ very sharply 

in their hemagglutinin from earlier strains and represent a major antigenic shift, 

uuHin^screened'ln'this cortr^lackerbLagg^rinaiiorinriMUng antibody ^ 

--::::: ::: ::-::: increases 
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evaluation both in terms of their antigenic characteristics and their protective 

efficacy. Studies were consequently planned to (l) determine prevailing anti¬ 

body levels in the population, (2) assess the effect o:; single injections of 
vaccines of varying potencies, (3) evaluate the effectiveness of second injections 
of vaccine (4) set up a field trial to measure vaccine effectiveness and, (5) observe 

the behavior of the new influenza B virus strains in the military and, secondarily, 

in civilian populations. 

b. Influenza A 

The 1972-73 studies at Lowry Air Force Base had clearly demonstrated 

that influenza vaccines prepared against A2/Aichi/68 provided some protection, 

approximately 60%, against the A2/Eng/72 strains but pointed to the need for a 

change in the influenza A2 component of the vaccine. This was accomplished during 

the intervening period, and the new military formula contained 700 CCA units or 

A2/Eng/72 and 300 CCA units of B/Mass/71. In the meantime, further antigenic 

drift had been observed in influenza A viruses, and the newer strains had caused 

outbreaks, notably in Australia and New Zealand.' Information was sought on the 

antibody response which the current vaccines would provide not only against homo¬ 

logous virus but also against the newer influenza A2 strains. 

c. Adenovirus Disease 

Adenovirus diseases fell to very low levels during the preceding year, 

and it was of interest to determine whether this pattern would be repeated in 

1973-74. It has earlier been noted that, while the administration of vaccine for 

both types 4 and 7 had been carried out during the earlier year, there had been 
serious questions about the potency of the vaccine, particularly the type 4 

component. Antibody studies carried out on incoming personnel at Lowry Air Force 

Base had failed to demonstrate neutralizing antibody in a high proportion of 

the men. Nonetheless, the incidence of diseases was extremely low. With the 

administration of vaccine of higher potency during the summer of 1973, it was 

again important to follow adenovirus incidence and to attempt to determine 
whether the diminution of diseases rates could be attributed to the immunization 

procedure or was due to other factors. With the elimination of types 4 and 7, 

it was of particular interest to determine whether they would be replaced by 

other adenovirus types which, at the present time, have net been significant 

causes of illness in American military personnel. Concern over this possibility 

has been a major factor in delaying the implementation cf i policy for immun¬ 

ization of all recruits. 

d. Surveillance of Other P.espiratory Diseases 

There continues to be a segment of fobrfls acute respiratory disease 

which has not been classified with respect to etiology. Even after infections 

caused by known agents such as influenza, adenoviruses, streptococci and rubella 

have been identified, 307. to 307. of illnesses still fall into unclassified 

categories. None of these have occurred in large epidemic peaks during the 

years of study at Lowry Air Force Base. Searches have been made for infections 

due to mycoplasma, coronaviruses and parainfluenza viruses in order to define 

the roles of these agents and, while all have been present, they have not proved 

to be major causes of febrile disease. In the process of following the major 

infectious agents, the specimens of throat washings and sera were collected in 

order to provide materials for identifying any clear-cut outbreaks which might 

occur or to provide material for the identification of previously unrecognized 

infectious agents. 
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C. Antibody Response Following Vaccination 

1. Observations on Early Monovalent Influenza B Vaccines 

When influenza B/HK/5/72 strains were first received and distributed in 

this coun-ry, screening of earlier sera and tests of sera or military personnel 

from the preceding year at Lowry Air Force Base suggested that the population 

was virtuallv devoid of hemagglutination inhibiting antibody, confirming an 

earlier obse'rvation by Dr. Fred Davenport. This indicated a need for the prompt 

development of vaccine against the new strain, and the ,raPid 
information necessary to determine an appropriate vaccine umtage. These 
liminarv studies were done with early egg passage (6th passage) virus and suggeste 

that not only was antibody virtually absent in the pre-vaccination sera but also 

that the response to vaccine even in high unitage was disappointingly low. It 

became clear^after the virus was further passed In chick embryos that the early 
tests were meaningless because the virus was in a non-avid stage. Tests with 

later passage material (egg passages 22 and 23) produced a totally different 

picture. This phenomenon has long been recognized with influenza A strains and 

was in fact, used in the past in the U.S.S.R. for the selection of strains for 
live intra-nasal vaccines. As will be shown later, monkey kidney isolated virus, 

in passage as early as the second, provided an antigen which would have provideo 

answers comparábate the later egg passage material if it had been used at the 

beginning of the study. 

a. Tests with Early Passage B/'.dK/72 Strains 

Monovalent vaccines containing 250, 500 and 1,000 CCA units (lots 

659^600 6599700 and 6599800) prepared by Merck, Sharp and Dohme were administered 

to groups of 73 - 80 men on September 4, 1973. The stated potency of the vaccine 

was8checked in Dr. Fred Davenport's laboratory and found to relate closely to 

the stated content. Serum specimens were collected before and three weeko 

vaccination (in a few instances, two weeks following vaccination). Because 
there has been concern in the past about possible severe pyorgenic reactions to 

influenza B vaccines, these meh were checked for temperature elevations or other 

systemic or local reactions 24 and 48 hours following vaccination. There 

in several instances, minor local reactions and low-grade temperature 
(not more than one degree). These were in no instance troublesome, and Jnere 

was, furtheimore, no difference between the degree of reactions in men given 

1,000 CCA units of vaccine and that in men receiving the smaller amounts. 

The results of H.I. tests against B/HK/72 are presented in Table 1. 

These results were promptly forwarded to Colonel Buescher at WRAIR, as well as 
to Dr Pa^n at tha dÍvísIcu of Biológica, to Dr. Waltor Dowdle at the Canter 
for Disease Control and to other members of the influenza committee. y 
»houa very mediocre responsa at all levels. With 250 CCA unit vaccine, only 

337. of the men showed a four-fold or greater rise in titer, with 500 CCA unit 

vaccine, only 377.; and with 1,000 CCA unit vaccine, only 46/.. 

The same sera were also tested against B/Mass/71 in order to obtain 

information on the amount of crossing between the new and the n® 

in current military vaccines (Table 2). The pre-vaccination anti^°dyJ^aíd 
this group of men are relatively high, reflecting their response to standard 

military vaccine administered several months earlier. Results are Pr®se^« n 

Table 2. The B/HK/72 vaccine evoked a four-fold or greater re®P°na°" u J d 
the men who received 250 CCA units, in 407. of those receiving 500 CCA units . 

in 567. of those receiving 1,000 CCA units. Following vâccination, only a very^ 

small number of men continued to have titers of 1:16 or less, 

• _._ 
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had titers in a range between 128 and 1024. There was a trend toward a greater 

increase in antioody titer with increasing antigenic mass. 

Tests with a 1973 influenza B sti-ain isolated in Denver by the State 

Health Department laboratory (B/Denver/452/73) are presented in Table 3. The 

results are intermediate between the two described above but closer to those 

obtained with B :'ass/71. A somewhat larger proportion of men were seronegative 

prior to vaccination, and the magnitude of the antibody response was less than 

that observed w:th B/Mass/71. There was, again, some trend toward improved anti¬ 

body response with increasing antigenic vaccine content. 

b. Tests with Later Egg Passage B/HK/72 Strain 

When the same serum pairs were tested with later egg passage material 

(E-22, E-23), the results were strikingly different (Table 4). Among the pre¬ 

vaccination sera, instead of a virtual lack of antibody, approximately 1/3 of 

the men had H.I. antibody titers of 1:16 or greater, though the majority still 

had titers of less than 1:8. Following vaccination, there was a substantial 

increase in antibody titer with the amount of response clearly related to the 

antigenic content. At the 250 CCA unit level, 527. of the men had increases 

in titer of four fold or more, at 500 CCA units 667. and at 1,000 units 787.. 

There were still a significant number of seronegative (titers less than 1:8 

or 8) men following vaccination, but the ratio of men at these levels between 

pre- and post-vaccination specimens was reduced by approximately 5 or 6 to 1. 

c. Test with Early Monkey Kidney Passage Virus Strain (B/Den/1/74) 

Later in the season when a number of influenza B strains had been 

isolated from the small outbreak which occurred in the spring of 1974, paired 

sera of men who had received vaccine containing 500 CCA units were re-tested 

with second monkey kidney passage fluid of one of the newly isolated strains 

(Table 5). These strains grew readily in monkey kidney cells, and the titer 

of the tissue culture (B/Den/1/74) fluid was sufficient to permit its use ?.t 

a 1:2 dilution in a standard H.I. test. The results of this test are shown 
in Table 5. The percent of men showing antibody increases of four fold or 

greater was 947.. Considerable uncertainty about the desirable course of action 

could have been avoided if this observation had been made in the fall of 1973. 

d. Tests Following Second Injection of Vaccine 

When the early studies which suggested a very poor antibody response 

to the monovalent B/HK/72 vaccine were obtained, it seemed desirable to find out 

whether a second injection of vaccine would produce significant enhancement of 

effect. The number of men available for this second vaccine injection was 

relatively small, but the results are of some interest (Table 6). Men from 

each of the three groups, namely, those who had received 250, 500 or 1,000 CCA 

units, were given a booster injection in each instance of 500 CCA units. As in 

earlier studies with aqueous influenza vaccine, there was relatively little 

response to the booster injection. In the group which had received 250 CCA units, 

157. showed a four-fold or greater increase in titer, in the 500 CCA unit group, 

157., and in the 1,000 CCA unit group, 117.. The only notable change was the 

reduction in the seronegative group from 5 to 1 persons in the groups which had 

init ily received 500 or 1,000 CCA units. 
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2. Observâtioins on Current Military Vaccines (1973-741 

a. Bivalemt Vaccine 

Results obtained with sera of men who received polyvalent vaccine 

(Wyeth, lot 133700 which contained 700 CCA units of A^/Eng/AZ and 300 CCA units 

of B/Mass/71 are presented in Table 7. The response to the influenza A component 

was highly satisfa'ctcry. A number of men already had antibody in high titer. 

Of those whose titers were initially low, virtually all showed significant rises. 

The proportion of mien with four-fold or greater increase in antibody level was 

577.. The response to the B/Mass/1/71 was again satisfactory in this population 

which already had relatively high antibody levels. In tests with B/Den/452/73 

it vas noted that while a sintilar proportion of men had four fold or 

greater increases in titer, a significant proportion remained seronegative, and 

the range of post-vaccination titers was considerably lower than had been observed 

with homologous strain B/Mass/71. This difference was further accentuated in 

tests with the 22nd or 23rd egg passage of B/HK/72. Here, 69/. of the men were 

seronegative prior to vaccination and, after vaccination, 46/. continued to have 

titers of 1:8 or less. Only 27% of the men showed significant increases in 

antibody titer. It can be concluded that, while there is clearly crossing 

between B/Mass/71 and B/HK/72 in human sera, the response to B/Mass/71 vaccine 

is less than optimal when measured against the new variant. 

b. Monovalent B/HK/5/72 Vaccine 

At the time when the field trial subsequently describee was begun, 

a small group of men who received only the monovalent B/iiK/72 (Merck, Sharp and 

Dohme lot 4708G) vaccine was bled on two occasions, and their antibody response 

was determined (Table 8). When the sera were tested agaiist the homologous 

B/HK/5/72 strain, the antibody response was remarkably good and 91/. of the men 

showed four-fold or greater increases in antibody titer. The pre-vaccination 

titers in this group were lower than those observed in other groups, and the 

response seemed to be inordinately high. For this reason, it was checked on 

two additional occasions without significant change in the recults. 

In tests with B/Den/452/72, this group showed considerably higher 

levels in their pre-vaccination sera ana responded well to the injection of 

B/HK/72 vaccine. Fifty-four percent of the men showed four-fold or greater 

rises in antibody titer and virtually all men had titers of 1:16 or higher 

following vaccination. With B/Mass/1/71 the response was even more satis¬ 

factory. Sixty-six percent of the men showed four-fold or greater increases 

in titer following vaccination, and almost all of the men had titers in the 

range between 128 and 1024. These sera were also tested against A/Den/1/72 in 

order to provide a check on the validity of the hemagglutination inhibition 

tests. These tests showed a highly satisfactory degree of reproducibility 

in that titers usually changed not at all or only two fold,and none of the 

men showed four-fold increases in titer. 

3. Observations on Simultaneously Administered Bivalent and Monovalent 

Vaccines in Civilians 

• 

Since most men in the Armed Services received both polyvalent and mono¬ 

valent vaccines during the winter of 1973-74, it was of considerable interest 

to observe antibody response in people who had received both preparations. It 

was for local reasons impractical to obtain serum from double recipients among 

the military personnel, but it proved possible to collect a civilian group who 



had received simultaneously , i/valcnt vaccine containing standard fomula 

of 700 CCA units of A^/Etv-./Td «and 300 CCA units of E/Mass/71 (lot NDC 0071-1503-01) 

and also a monovalent preparation containing 500 CCA units of B/HK/72. The 

vaccine used was prepared by Parke-Davis under the commercial name of "Flnogen" 

(lot NDC 0071-1000-01) and was an ether-split product. No significant complaints 

regarding reactions were received. This civilian population clearly differed 

in a numbci of respects from the military population, notably, in age, history 

of prior immunization and, presumably, prier exposure to various influenza 

strains. 

Results are pres .nted in Table 9. With the homologous A/Den/1/72 

strain, the response was remarkably good vrith 86% of individuals showing a 
four-fold increase in titer, and virtually all individuals having titers of 

greater than 1:256 following vaccinations. With the recently isolated 

A/Port Chalmers/73 and A/Dynedin/73 which show some antigenic shift and have 

caused considerable concern, the response was, again, highly satisfactory 

with approximately 80% of men showing four-fold or greater increases in 

antibody titer. Again, the proportion of men remaining seronegative following 

vaccination was relatively small. These results suggest that the current 

vaccine should have provided a relatively high level of protection in the , 

event that outbreaks due to the newer variants of A2/Eng/72 occurred. 

With the influenza B strains, the response to B/Mass/71 was moderately 

satisfactory with 607. of men showing a four-fold or greater rise in titer. 

With B/452/73, the situation was somewhat different. Even though 50% of the 

men showed increases in titer of four-fold or more, a large proportion con¬ 

tinued to be seronegative following vaccination. With B/HK/72, 707. of the 

men showed four-fold or greater increases in titer, and a large proportion 

rose to relatively high levels. However, 14% remained seronegative following 

vaccination. This represented a reduction from 68% to 14% seronegative 
individuals and was similar to the rates of seroconversion seen in military 

recipients of the monovalent B/HK/72 vaccine. 

D. Field Trial of Vaccine Effectiveness 

1. General Plan of Studies 

As in previous years, the withholding of influenza vaccine during the 

period from July 1 to October 1 at Lackland Air Force Base provided a sizable 

pool of men who had not received influenza vaccine following entrance into the 

Air Force. The situation differed in that arrangements had been made to give 

vaccine only on the basis of men volunteering and indicating that they had 

entered the study following adequate explanation ami following the signing 

of an informed consent form. Furthermore, no arrangements were made ro give 

placebo injections to any men. The two vaccines available, namely, tna poly¬ 

valent vaccine which contained A2/Eng/72 and B/Mass/71 end the monovalent 

B/HK/72 vaccine presented a problem since the use of the vaccines might be 

expected to provide a clear difference in the event of an influenza A (H3N2) 
outbreak but could not be expected to demonstrate vaccine effectiveness as 

effectively in the event of an influenza B outbreak because the comparison 

would be not between B/HK/72 and nothing but between L/HK/72 and B/Mass/71. 

Recognizing the limitations, it was decided to endeavor to enlist 

all students, particularly those in lohg study prograns, in a volunteer study 

and to alternate volunteers on the basis of their serial number between 

recipients of the polyvalent vaccine and the monovalent B/HK/72 vaccine. 
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At the tine: when vaccine vas received late in hovember, 1973, there were 

4,297 men enrolled in student squadrons. Vaccine was given on two successive 

days with both morning and afternoon sessions in order to meet the convenience 

of those students who were enrolled on different shifts. At these sessions, 

2,568 men appeared; 1,728 men failed to report. A considerable portion of the 

latter represented men who were enrolled in either temporary duty units or in 

an officer squadron. Of the 2,568 men who reported, 1,087 indicated that they 

did not wish to volunteer and, consequently, were given simultaneously poly¬ 

valent vaccine in one arm and monovalent B/HK/72 vaccine in the other arm. 

This left 1,382 men of whom 362 had already received polyvalent vaccine at 

Lackland prior to July 1 or, in a few instances, after October 1. These men 

were given an additional injection of monovalent B/HK/72 vaccine. 

This left 1,020 men who were divided into two groups on the basis of the 

terminal digit of their Social Security number with one group receiving mono¬ 

valent B/HK/72 vaccine and the other standard military polyvalent vaccine. There 

were 488 men in the monovalent B vaccine group and 632 men in the polyvalent 

vaccine group. The reason for this discrepancy remains unclear. 

The effectiveness of enlisting the student population in a volunteer 

study of this kind could undoubtedly have been increased by more careful pre¬ 

paration. The attained figure of 55% left the study groups too small and might 

well have been increased to a considerably higher level. The notion spread among 

many of the students that, if they enrolled in the study, they would be bled on 

two occasions, and this seriously deterred volunteering during one morning of 

the vaccination administration. The final group of 1,382 men might have been 

adequate to obtain significant results had the attack rates of either influenza 

B or influenza A had been high, but the number was certainly marginal. It was 

further reduced during succeeding months and had reached a level far below the 

point where any significant answers might have been obtained when influenza 3 

occurred in lace Icbruary a.'d influenza A in March and April. 

2. Method of Follow Up 

All men reporting to the dispensary with temperatures of 99° or higher 

and symptoms of respiratory illness were asked to report at the influenza office. . 

There, a brief notation was made of date of onset and clinical symptoms, serum 

specimens were collected, and arrangements were made for a second specimen to 

be collected three weeks Inter. Throat washings were collected in broth from 

all individuals whose reporting temperature was 101° or higher. The serum pairs 

were tested by complement fixation tests for influenza A and B,for adenovirus 

and mycoplasma. During the periods when influenza was prevalent, all specimens 

were also tested by hemagglutination inhibition tests with influenza B strains 

B/Mars/71, B/452/73 and B/HK/72. The influenza A strains used were A/Denver/2/72 

and A/Port Chalmers/73. Individuals showing a complerent fixation antibody rise 

for adenovirus were tested for neutralizing antibody for types 4 and 7 in a 

Hela cell tissue culture test. There were only two isolates (Adeno 1 and 5), 

and they were tested for neutralizing antibody rises to their homologous viruses. 

3. Occurrence of Influenza 

Influenza B first appeared on the Base during the week beginning 25 Feb¬ 

ruary and continued for the next four weeks. The outbreak was very minor with 

a total of only 26 cases detected of which only 19 were in the study groups. 

This caused a barely noticeable rise in the overall Incidence of febrile res¬ 

piratory disease on the Base. 



Influenza A appeared in the week beginning, March 13 and continued thioup.h 

the week beginning April 22. A total of 24 cases were detected on the Base with 

no more than seven cases occurring In any week. Again, the effect on rpa overall 

rate of febrile respiratory disease was imperceptible. Some of the cases occurred 

in men who had arrived at the Ease subsequent to the establishment of the study 

and, for this reason, arc not included in the analysis of attack rates in the 

various studv groups. When these were eliminated, there rema'.nod a total of 19 

cases of influenza ri and 15 cases of influenza A distributed through the various 

components of the study. 

4. Incidcnce of Influenza in the different Vaccine Groups 

a. Influenza B (Table 10) 

Among the 1,392 men who were enrolled in the volunteer study, there were 

only three cases of influenza, with two cases occurring in the 270 men who had 

received polyvalent vaccine only, and 1 case occurring in the 437 men who had 

received either the monovalent 3/HK/72 vaccine or both bivalent vaccine and 
monovalent vaccine. If one breaks down the incidence among the total number of 

2,145 men whose vaccination status was known, the overall attack rate was 0.88%. 

Among men who had received 3/HK/72 vaccine either alone or combined with bivalent 

vaccine, there were six cases among 914 men, an attack rate of 0.657.. The number 

of cases among 949 men was 11 among men who had received polyvalent vaccine only 

or had received no vaccine at all, a rate of 1.16/.. This difference is clearly 

not significant. 

b. Influenza A (Table 11) 

The number of cases of influenza A among the 1,497 men who were present 

on the Base at the peak of the influenza A outbreak was 15, an attack rate of 

1.00%. Within the volunteer study there were four cases among the 164 men who 

had received only the B/HK./72 vaccine, a rate of 2.44%. Among the 318 men who 

had received bivalent vaccine, there were no cases. If one takes the total 

population of 1,497 men, there were seven cases among 1,155 men who had received 

polyvalent vaccine, a rate of 0.60%. Among 338 men who had received no vaccine 

containing A2/Eng/72, there were eight cases, a rate of 2.37%. The data suggest 

a protective effect, but the numbers of cases are too small to carry any signi¬ 

ficance. 

E. Laboratory Investigations 

1. Isolation of Virus Strains 

a. Influenza 3 

Tnroat washings from men reporting with temperatures of 101 or 

higher were tested throughout the season. In all, 70 such specimens were 

received. No influenza strains were isolated until March 4 when the first 

influenza B isolate was ootained in Rhesus monkey kidney tissue culture. 
During the course of the small outbreak, seven throat washings were tested from 

individuals who showed serologic evidence of influeiza B, and in all instances 

virus strains were recovered. Simultaneous efforts to isolate these strains 

in chick embryos incubated at 35° C. were unsuccessful. To date, adaptation 

to chick embryo.» has been successful only when strains isolated in monkey kidney 

tissue culture have been passed in chick embryo inraulated at 33° C. 
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These strains grew readily to high titer in monkey kidney tissue 

culture and appeared to have the characteristics of the B/HK/5/72 strain in 

that the results of H.I. antibody tests with the serum from the cases of in¬ 

fluenza were very similar when B/HK/72 and strain Ii/Den/4/74 were used. 

Homologous antisera against the Denver strains have not yet been prepared, 

and further data are needed. It is obvious from the results presented in 

Table 8 that the new strains differed widely from B/Mass/71 and B/Den/452/73. 

b. Influenza A 

Influenza A strains were first isolated on March 21 and, thereafter, 

11 of 12 throat washings from serologically confirmed cases of influenza A which 

were tested in monkey kidney and,in a few instances, in chick embryos yielded 

virus strains. These strains appeared to grow readily and rapidly when inoc¬ 

ulated by the allantoic route into chick embryos as have other strains since . 

the appearance of the A/HK/68 variants. Identification of the local strains has 

not yet been accomplished, but the results of serologic tests using both the 

A/Eng/42/72 and A/Port Chalmers/73 suggest that they resemble these viruses. 
<»■ 

Comment The consistency with which influenza strains have been 

isolated from cases during this outbreak and during last year's outbreak 

when, again, more than 907. of confirmed cases of influenza A yielded virus, 

raises the possibility of conducting vaccine efficacy. trials using virus 

isolation rather than serologxc diagnosis as a criterion of clinical infection. 

Carriers do not appear to have been a problem since last year no isolations 

of virus were made from 2ó individuals who failed to show antibody rises during 

the epidemic and, during this year's experience, 12 throat washings were tested 

from individuals who had no antibody rise and no virus strains were isolated. 

Nonetheless, it should be noted that virus isolation attempts have been limited 

to individuals who have temperatures of 100° or 101° and higher and might not 

be so uniformly successful if individuals with less severe infections were tested. 

In view of the difficulty of obtaining consent or of instituting a mandatory 

system of collecting blood specimens from all cases, however, this possibility 

deserves investigation. 

2. Neuraminidase Antibody Studies 

One of the fascinating and unsolved questions in influenza epidemiology 

is why virus strains differ in theix capacity to spread and why clinical attack 

rates vary winely from outbreak to outbreak. Obviously, something is different 

either in the virus or in the host or in the interaction between the virus and 

the host. During the current year, influenza A virus was present on the base 

over a period of six weeks, yet attack rates were extremely low. This could be 

reasonably explained by the fact that the great bulk of the population had 

moderately or markedly elevated hemagglutination inhibiting antibody titers 

for the current strains. This, however, was not the case for influenza B which 

was prevalent for a period of approximately four weeks in the military population 

and considerably longer in the adjoining civilian population. At the end of 

the season, in May of 1974, screening of men at Lowry Air Force Base who had 

not received B/HK/5/72 vaccine indicated that there was still a large segment 

of the population which had either no antibody or antibody in very low titer 

only (Table 12). It is logical to assume that either these men had no exposure 

to the virus or they were protected by some mechanism other than hemagglutination 

inhibiting antibody. 
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One of the Interesting hypotheses which deserves investigation in the 
field is that developed by Kilbourne and Schuircan who suggest that antibody 

against the viral neuraninidase may modify or prevent clinical illness even 

though not preventing infection. For this reason, studies of neuraminidase* 

antibody in various population groups have been begun using recombinants of 

recent influenza A strains prepared in Dr. Kilbourne's laboratories. Many 

technical obstacles were encountered initially, but the test, following the 

technique described by the CDC, now appears to be working in a highly satis¬ 
factory and reproducible manner. 

A comparison of the results of the neuraminidase inhibiting antibody 
test with those of ether serologic tests in 25 cases of influenza A during 

the 1972-73 outbreak is presented in Table 12. It is noteworthy that 21 of 
the 25 cases lacked N.I. antibody at the lowest level tested. The other four 

had antibody at relatively low levels, notably, 16 or 32. There was a striking 

rise in N.I. antibody in virtually all cases which closely paralleled the H.I. 

rise in antibody titer when tested with epidemic strains. H.I. antibody for 

the current strains and complement fixing antibody for the current strains were 

also absent in the acute phase sera of virtually all individuals, suggesting 
that they had not had recent contact with influenza A viruses. Pre- 

liminary screening of three other population groups a_ a 1:16 serum dilution 

(Table 14) suggested that, in this population, approximately ono-half had 

N.I. antibody and one-half did not. Following vaccination, roughly one-half 

of the men who had previously lacked antibody appeared uo have acquired anti¬ 

body titers of greater than 1:16, but the remainder continued to have titers 
below that level. 

There is, obviously, much to be learned from the sera collected d iring 
the outbreaks of recent years, and current efforts are directed to these 

irvestigations. Hopefully, suitable influenza B recombinants will be available 
for parallel studies. 

3. Serologic Diagnosis of Influenza B 

It has been noted earlier that the degree of egg adaptation had major 
effects on the usefulness of influenza B strains in H.I. tests for determination 

of antibody levels o: confirmation of vaccine response or infection. Even when 
the virus had bean well adapted to eggs by more than 20 passages, the results 

of serologic tests were less consistent than have been observed in the past 

^n^^uenza 4 (Table 15). Specifically, occasional sera appeared to have 
very high titers in acute phase sera when run in tests with allantoic fluid 

but showed either low titers or virtually no antibody when tested with monkey 

kidney tissue culture. This suggested that inhibitors were present in these 

sera, but to date no satisfactory method has been found to eliminate these. 

Heat, periodate RDE and carbon dioxide have been tried without appreciable 

effect on the results. This clearly requires further investigation. 

F. Adenovirus Disease 

• h® 1973-74 season was extraordinary in that no cases of adenovirus disease 
due to types 4 or 7 were detected between November, 1973 and June, 1974. Two 

serologically confirmed cases of adenovirus disease were found, and virus strains 

were isolated which were neutralized by convalescent sera from the patients from 

whom the strains originated. Neither of these could be neutralized by either 

type 4 or type 7 antiserum, and they were subsequently identified in Dr. Lennette s 
laboratory as, respectively, type 1 and type 5 strains. 
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It is attractive to attribute this disappearance of the adenovirus problem 

to the institution of routine immunization of incoming recruits. The available 

data do not completely support this interpretation. Sera were collected in the 

fall of 1973 from unvaccinated men who had arrived at Lowry Air “orce Base early 

in the fall and again during the respiratory season from men who had 
received vaccination following induction into the Air Force. Results are 

presented in Table 15. It is clear that the proportion of men showing anti¬ 

body for type 7 was greater in the vaccinated group, but there was only a minor 
increase in the number of sero-positive men in the recipients of type 4 

vaccine. In previous years, when adenovirus outbreaks were prevalent, a very 

large proportion of the men developed antibody during the course of the season, 

many as a result of either sub-clinical or totally inapparent infections. This 

was clearly not the case during the past season, if the prevention of illness and 
transmission is to be attributed to vaccination, then antibody response must 

have been relatively low and transient in order to explain the large proportion 

of seronegative individuals present at the end of the season. 

Concern has been expressed in the past that, if types 4 and 7 were eliminated 

by universal vaccination^ there was a high likelihood that they would be replaced 

by other adenovirus types which have not hitherto been a problem in the Armed 

Services. This replacement phenomenon clearly did not occur during tne 1973-74 

season or in preceding years. There will undoubtedly be arguments that there 

is no longer need to use the live type 4 and type 7 vaccines since, the adenovirus 

problem has disappeared. However, the opposite view clearly has more validity, 

and it seems highly desirable to continue to administer these two vaccines, 

hopefully of adequate potency, to all recruits in the future. 

G. Surveillance of Acute Febrile Respiratory Disease 

The 1973-74 season was remarkable for the low incidence of febrile respiratory 

disease and for tho absence of significant epidemic peaks (Table 17). For the 

whole season, the rate was approximately 5 per 1000 per week. On only two 

occasions did the rate reach 10.8 per 1000 per week. The previous season when 

the A/Er.g/42/72 strain struck the Base was similar with the exception of the 

pre-Christmas influenza peak. .The Ä2/Eng/72 outbreak reached 60 per 1000 per 

week and would undoubtedly have been considerably higher had not vaccine been 

used which provided approximately 607. protection against clinical illness. 

The spring outbreaks which, in the past, were attributable almost entirely 

to adenovirus disease had frequently reached levels between 40 and 60 per 1000 
per week. This virtual elimination of the more severe respiratory illnesses 

caused by influenza and adenoviruses is obviously highly satisfactory but 

should not be interpreted as grounds for cessation of investigations designed 

to improve the situation further and to deal with presently undefined problems. 

A breakdown of the 400 cases which were studied by serologic tests is 

presented in the final taule (Table is). 



Vaccine Group 

250 CCA units 

500 CCA units 

1000 CCA units 

No. 

TABLE I 

Results of Vnccinntlon v;ith B/HK/5/72 on 
HI Antibody Response to B/1 iK/5/72 

(Eqn Pasan'/e 6) 

Percent with HI Antibody Titer to B/HK/5/72 

<8 8 IS 32 64 128 256 >256 

% with 
4 X rise 

48 Pre- 

Post- 

98 

58 

0 

6 

0 0 

13 15 

2 

2 

0 

2 

0 

2 

0 

2 
33 

60 Pre- 93 4 1 0 

Post- 50 10 18 5 

0 

3 

1 

3 

0 

5 

37 

41 Pre- 98 0000 0 2 0 

Post- 51 0 5 10 12 10 • 10 2 

46 





TA”LE 3 

Vîccine Group 

250 CCA units 

500 CCA units 

1000 CCA units 

Results of Vaccination with B/HK/5/72 on 
HI Antibcuiv Response to B/452/73 

No. 

48 Pre- 

Post- 

60 Pre- 

Post- 

41 Pre- 

Post- 

Percer.t with HI Antibody Titer to B/452/73 

< 8 3 16 32 64, 128 256 >256 

25 6 

6 C 

10 21 

8 17 

10 

19 

8 

17 

17 

25 

2 

8 

27 2 

12 0 

7 

2 

17 

17 

23 

17 

8 

20 

5 

13 

7 

20 

27 0 

5 0 

7 

2 

20 

7 

12 

15 

17 

15 

10 

24 

7 

32 

7. with. 

4' X rise 

33 

30 

61 

» 



W
W
 

P 
P
 

m
 

. 
-._

.. 
- ,

- -
-.
 ^

 



Percent with HI Titer oí 

Test Strain 

No. o£ 

Persons Ser.a <8 8 16 32 64 
7. with 

128 256 512 1024 4 x rid 

B/Den/1/74 35 

35 

Pre- 

Post- 

60 20 6 

3 6 

6 

9 

6 

14 29 

3 

11 
86 

20 

TABLE 5 H.I. antibody titers of 35 men before and 3 weeks after receiving 500 CCA units 

of B/HK/5/72 vaccine. (Tested with second monkey passage tissue culture fluid of 

strain isolated at Lowry Air Force Base in March, 1974). 
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Test 
Strata 

No. of 
Persons Serum < 8 

Percent with H.I. titer of 

A2/Den/l/72 65 Pre- 

Post- 

25 

2 

8 

9 

2 

16 

Q 

32 

14 

3 

64 

8 

11 

128 256 512 

5 3 6 

8 11 11 

1024 

22 

54 

7. with 
4 X ri 

B/Mass/71 65 

B/452/73 

B/HK/72 

TABLE 7 

Pre- 14 

Post- - 

5 

2 

20 

8 

12 

12 

17 

14 

9 11 6 

17 23 12 

6 

12 

65 Pre- 25 14 

Post- 6 8 

17 

6 

19 

11 

5 

23 

8 

22 

8 

11 

5 

5 

2 

5 

65 Pre- 55 14 

Post- 27 19 

14 

19 

6 

13 

5 

8 

3 

8 

2 

3 

2 

3 

H.I. antibody response for influenza A2/Den/l/72 acd B/Mass/71, B/452/73 and 
B/HK/72 of men who received standard military vacciae containing 700 CCA units 
of A2/Eng/72 and B/Mass/71. 
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57 

42 

42 

27 
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Test 

Strain 

B/HK./5/72 

B/A52/72 

B/Mass/1/71 

A/Den/1/72 

TABLE 8 

» 

Percent with H.I. titer of 

No. of 
Persons Scrum < 8 

35 

35 

Pre- 

Post- 

Pre- 

Post- 

74 

8 16 

11 

3 6 

23 17 11 

3-3 

35 Pre- 

Post- 

11 29 

35 Pre- 20 

Post- 17 

2?. 

9 

6 

9 

6 

3 

6 

14 

17 

64 

3 

11 

17 

20 

17 

6 

11 

6 

128 256 512 1024 

3 
• . 

17 11 

% with 
4 X ri- 

14 

11 

17 

17 

23 

9 

11 

3 

9 

3 

14 

6 

6 

3 

11 

3 

6 

3 

3 

31 

6 

31 

9 

46 

26 

26 

66 

H.I. antibody response for B/HK/72, B/452/72 and B/Mass/71 of men who received 

500 CCA units of aqueous monovalent B/HK/72 vaccine. Lack of response to s rain 

A2/Den/1/71 is included for comparison. 

91 

54 
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Test 
Strain 

No. of 
Persons Serirr. < 3 

A/Den/1/72 43 Pre- 37 

Post- 

8 

19 

Percent with H.I. titer of Z with 
JL6 32 ¢4 123 256 512 1024 4 x rt- 

9 ? 9 

5 16 21 

? 

9 42 

A/Port Ch/l/73 43 Pre- 58 

Post- 2 

19 

7 

14 2 

5 

2 5 - 

12 23 28 14 

A/Dynedcn/4/73 43 Pre- 54 

Post- 2 

19 

7 

19 2 

5 14 35 16 16 

B/Mass/71 43 Pre- 42 

Post- 9 

7 

5 

12 23 

5 9 

7 

19 26 16 

2 

12 

3/452/73 43 Pre- 68 

Post- 30 

7 

5 

14 

7 

5 2 

23 19 

2 

5 

3/HK/72 37 Pre- 65 

Post- 11 

3 

3 

3 

3 

8 16 

11 22 16 

3 

3 

3 

16 16 

TABLE 9 H.I. antibody titers of civilian volunteers for 3 influenza A and 3 influenza B 
strains before and 2 weeks after 2 injections of vaccine (polyvalent containing 
700 CCA units of A2/Eng/42/72 and 300 CCA units of 3/Mass/71 and monovalent 
containing 500 CCA units of B/HK/72 given at: same time). 
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60 

50 

70 

86 

79 
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Voluntoor Study 

Non-volunteer 
Study 

Total Student 
Population 

TABLE 11 Incidence 
and April 

PH* re¬ 

vaccine No. of 
Received Persons 

Bivalent 197 

Bivalent and 
Monovalent B 121 

Monovalent. B 164 

No. of 
Cases Rate/100 

0 0.0 

0 0.0 

4 2.44 

Bivalent 480 

Bivalent and 
Monovalent B 361 

No Vaccine 174 

4 

3 

4 

0.83 

0.83 

2.29 

Polyvalent + 
Monovalent B 1155 7 0.60 

Monovalent B 
or no vaccine 338 

1497 

.8 

15 

2.37 

1.00 

of influenza A in different vaccine groups during March 
1974. 

^. ..+---«i 



Percent of men with HI titer for B/HK/72 of 

Vaccine Received 

Bivalent 

(B/Mass/71) 

Monovalent 

(B/KK/72) 

Total 

Number of Persons < 8 

28 46 

22 14 

50 32 

3 16 32 64 

18 4 14 7 

9 14 27 5 

14 8 20 4 

128 2_56 512 

7-- 

14 14 

10 6 - 

1024 

4 

5 

. 4 

TABU 12 Diî. tribut ion of HI antibody titers for B/HK/72 of 50 men in May, 1974, 

who had received either bivalent vaccine containing 300 CCA units of 

B/Mass/71 or monovalent vaccine containing 500 CCA units of B/HK/72. 
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Nuabor 
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2 
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« 
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« 
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11 

12 

13 

14 

13 

1» 
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D.irc Bled 

11/6 
11/28 

U/7 
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11/6 
12/1 

11/6 
11/28 

11/6 
11/21 

11/6 
11/20 

11/7 
11/2» 

11/7 
11/2» 

11/7 
11/29 

11/7 
11/2» 

11/7 
11/29 

11/8 
12/1 

11/8 
11/2» 

11/1 
11/30 

11/9 
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».1. 
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64 
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64 
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32 
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16 
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64 
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64 
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236 

< a 
64 
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19 

20 

21 

22 

23 

24 

23 

11/10 
12/1 

11/11 
12/4 

11/11 
12/6 

11/12 
12/4 

11/12 
U/l 

11/12 
12/12 

11/13 
12/4 

11/U 
12/6 

32 
64 

< 16 
236 
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312 
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32 
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>1024 

64 
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3U 
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16 

< 8 
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Popui tion Group 

Cases of Influenza A 

Non-influenzal A.R.D, 

Pre-vaccination 

Post-vaccination 

Nu mb f r 

25 

24 

25 

25 

Percent with N.I. titer 

< 16 

84 

46 

44 

24 

> 16 

16 

54 

56 

76 



AcntÜ nnJ Ççi yj Icrccnt JLLtgrs in 
HI To 't vn th 

No. Patient 

1 J.H. 

2 D.D. 

3 

A 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

G.D. 

G.M. 

S.K. 

R.P. 

D.S. 

W.S. 

M.W. 

R.D. 

D. J. 

E. M. 

P.B. 

D.M. 

15 C.W. 

16 J.D. 

C.F. 

Test 

< 8/128 

< 8/64 

8/256 

< 8/256 

< 8/128 

< 8/256 

< 8/64 

< 8/64 

< 8/32 

< 8/128 

< 8/32 

< 8/64 

< 8/128 

< 8/64 

< 8/128 

< 8/32 

B/Mass/71 

256/1024 

32/128 

< 8/32 

32/128 

' 8/256 

256/1024 

16/16 

1024/1024 

128/256 

64/128 

32/64 

32/64 

16/32 

64/128 

32/128 

32/64 

B/452/73 

512/1024 

32/256 

< 8/32 

32/256 

8/128 

128/1024 

16/32 

1024/1024 

128/128 

32/256 

32/32 

64/64 

16/64 

64/128 

64/128 

32/128 

B/HK/5/72 
(K-23) 

64/1024 

64/256 

< 8/64 

< 8/32 

< 8/256 

32/1024 

< 8/16 

1024/1024 

64/256 

< 8/64 

< 8/32 

8/32 

< 8/32 

< 8/8 

< 8/64 

< 8/8 

B/Den/1/74 
(M.K.-2) 

16/256 

16/64 

< 8/128 

< 8/128 

< 8/128 

32/512 

< 8/< 8 

8/64 

16/64 

< 8/64 

<• 8/16 

< 8/16 

8/32 

< 8/16 

16/64 

< 8/16 

Four-fold rise(total)16/16 7/16 8/16 13/16 

TABLE 15 

15/16 

Comparison of results of serologic tests for influenza B in 16 cases of influenza. 



Percent with Neutralizing Antibody Titer of 

Tested Vacc. 

with Status 

Type 4 Unvacc, 

Vacc. 

Vacc. 

Vacc. 

Date 

Bled 

9/4/73 

9/4/73 

12/1/73 
3/6/74 

5/1/74 

6/1/74 

No. of 

Men 

41 

50 

100 

50 

< 4 4 

80 20 

76 20 

60 32 

64 

8 

10 

4 

4 

16 32 64 

36 * 

1?8 256 

Type 7 Unvacc. 9/4/73 

Vacc. 

Vacc. 

9/4/73 

Vacc. 12/1/73 

3/6/74 

5/1/74 - 

6/13/74 

41 

50 

100 

50 

30 17 17 10 14 10 

16 84 * 

37 40 14 

40 26 12 18 

* Titer 1:4 or greater. Not tested at further dilution. 

I 
TABLE 16 Results of tests for Type 4 and Type 7 adenovirus neutralizing 

antibody of vaccinated and unvaccinated cen bled in September, 

1973, and of 2 groups of vaccinated men bled during spring of 

1974. 

I 
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Infecting Agent 

Group A Streptococci 

Influenza B 

Influenza A 

Rubella 

Adenovirus 

Unknown 

Number of Cases 

64 

27 

24 

16 

2 

267 

Percent of Cases 

16.0 

6.8 

6.0 

4.0 

0.5 

66.7 

TABLE 18 Etiology of febrile U.R.I. among 400 students tested 

between 10 September 1973 and 10 June 1974 at Lowry 

A-î f Vnrr.p Rasa. 
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