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 Coronavirus antibody titres in sera of healthy adults and
 experimentally infected volunteers
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 SUMMARY

 Six corona>riruses isolated in the U.S.A. have been inoculated into volunteers
 and all produced colds. Between 10 and 20% of infected volunteers developed
 heterologous antibody responses after these and other experimental infections

 with coronaviruses. The haemagglutination-inhibition test with the OC43 virus

 strain was found to detect antibody rises ater infection with a variety of stra.ins.

 Studies on normaUl adult seraU taken between 1965 and 1970 revealed a high fre-
 quency of neutralizing antibody to one strain (229E) and a frequency of HI anti-
 body to strain OC:43 which fluctuated froxn year to year. Coraplement-fix:ing
 antibodies to these two viruses were also found, revealing an apparent increase in

 the activity of coronaviruses in the generaJl population of the U.K., during the
 winter of 1968-9.

 INTRODUCTION

 During the last decade a number of viruses have been isolated from cases of

 human upper respiratory infection which, though ether-labile, and probably con-
 taining RNA, were serologically unrelated to any known huinan respiratory

 pathogens (Tyrrell &; Bynoe, 1965; Haxnre & Procknow 1966; McIntosh et al.
 1967a; Tyrrell, Bynoe & Hoorn, 1968; Kapikian et al. 1969). It has been shown

 since that many of these newly isolated strains have the same characteristic

 morphology as that of the virus of avian infectious bronchitis (McIntosh et al.

 1967 a; Tyrell, 1967; Almeida & Tyrrell, 1967) and they have been classified together

 with murine hepatitis (Almeida & Tynell, 1967) and porcine transmmssible gastro-

 enteritis (Tajima, 1970) as coronaviruses. These riruses a.re in many cases related
 to each other serologically (McIntosh et al. 1969; Bradburne, 1970).

 In previous studies of experimental and natural infections with human corona-
 viruses, rises in heterologous antibody titres have been found (McIntosh et al. 1969;

 Bradburne, 1970). The antigenic relationships which have been demonstrated

 between some human coronaviruses and mouse hepatitis viruses probably account

 for the presence in human sera of antibody, detected by Hartley, Rowe, Bloom &;
 Turner in 1964, which reacts with the murine viruses in both complement-fixing
 and neutralization tests.

 This paper deals firstly with the heterologous serological responses in human

 sera after experimental infection with various coronaviruses and secondly with a
 survey of sera of adults collected in Britain over 5 years.

 I6 HYG 70
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 Table 1. The history of coronavirq4ses vsed for inoc?4lation of volu,nteers
 P. .

 assage mstory

 (aft0r origlnal specimen)

 3xOC+t, 2 or 3 human
 Euman only, or 4 x OC
 3 x OC or human only
 3xOC or 3xOC+1 human

 3xOC or 3xOC+l human

 3xOC

 Virus

 229E

 LP
 B 814

 EVS

 OC 38 l
 0C431

 No. 691 (OC 44)
 No. 703 (OC 48)
 No. 501 (OC 16)
 No. 663 (OC 37)

 iEteference of isolation

 Hamre &; Procknow (1966)
 Tyrrell et al. (1968)

 Tyrrell dZ; Bynoe (1965)
 Tyrrell et al. ( 1968)

 McIntosh et al. (1967a)

 McIntosh et al. (1967a)

 ' OC ' = organ culture passage.
 'Human' = passage in human volunteers.

 Table 2. The production of colds in votunteers tnocqllated with

 the < 00' strasns of McIntosh

 Classification of cold

 , A

 Mild Moderate Severe

 2 t O

 Volunteers No. of colds
 inoculated produced ATirus

 690 (OC 43)

 664 (OC 38)

 691

 703

 501

 663

 6

 7

 9

 7

 8

 12

 3

 7

 6

 7

 2

 0

 1

 5

 2

 1

 7

 5

 o

 1

 2

 1

 o

 METHODS

 Volunteers were isolated and cared for as described elsewhere (Tyrrell, 1963).

 They were inoculated with various strains of coronaviruses which had been passed

 serially in organ cultures of human nasal or tracheal epithelium, maintained by

 the methods of Tyrrell & Blamire (1967). Alternatively, nasal washings taken from

 volunteers with colds were passaged serially to other groups of volunteers. The

 passage histories of the various viruses are listed in Table 1. Certain of the viruses

 (the 'OC' strains of McIntosh et al. (1967a)) had not previously been given to

 solunteers and their pathogenicities for zman were unknown. Typical ' coronavirus-

 type ' colds were induced similar to those produced by the 229E and B 81 4 viruses

 (Bradburne, Bynoe &; Tyrrell, 1967). The numbers of colds induced and the

 severity of the disease appeared to vary with the virus strain used (Table 2)? but

 this may be a reflexion of variation in dose of virus given and the immune state of

 the volunteer rather than the differences of virulence.

 Serum samples were taken from volunteers on arrival at the Unit and again

 3 weeks later and were stored at-20° C.

This content downloaded from 160.36.178.25 on Sun, 18 Sep 2016 15:03:51 UTC
All use subject to http://about.jstor.org/terms



 Coronavirus antibody titres 237

 Table 3. Sqzmmary of the Sreparatton of CF antigens qbsed

 Antigen prepared iFiltered on Final titre

 Virus in Concentrated Sepharose 4B (units/ml.)

 229 E L 132 cells x 50 Yes 640

 OC 43 Suckling mouse Yes 2560
 brain

 MHV3 Suckling mouse No 1280

 All antigens tested against 8 units of animal antiserum.

 Serologtcal procedures

 Ceutralizatsontests. Antibody to virus 229E was estimated by 90°/O plaque

 reduction in L 132 cells (Bradburne & Tyrrell, 1969).

 Haemayglutination-nhibition tests (for oa 3 vtrus). The OC 43 strain had been

 isolated by McIntosh et al. (1967a) and had been shown to be indistinguLsha.ble

 from another isolate named OC: 38. The O(: 43 strain adapted to the brain of suckling

 mice (McIntosh, Becker & Chanock, 1967 b) was used for haemagglutination

 inhibition tests as described by Kaye & Dowdle (1969).

 Sera for use in the haemagglutination-inhibition (HI) test were diluted in

 phosphate buffered saline and inactivated by heating at 56° C. for 30 min. Sera

 and antigens were mixed in 0@025 ml. drop volumes in a microtitre system using

 4 agglutinating units of antigen. This antigen was a 10 °/O suspension of infected

 bra.in homogenized in phosphate-buffered saline (pH 7 2) which had been clarified

 by light centrifugation. Antigen and serum mixtures were held at ambient

 temperatures for 1 hr. and then 0@025 ml. of 1 °/O fowl erythrocytes were added and

 allowed to settle for 50 min. at 4° C. before the tests were read.

 Complement-fizatzon tests. Virus 229E grown in L132 cells was purified on

 Sepharose 4B (Pharmacia) and concentrated by dialysis; such preparations con-

 tained over 1000 antigenic units/ml. (Bradburne, 1970). OC 38-43 and MHV3

 viruses were cultivated in suckling mouse brain and 10 °5O suspensions of infected

 brain tissue were used. A summary of the preparation of each antigen used is

 shown in Table 3.

 Low doses of complement were necessary for the optimum detection of antibody

 and from t6 to t75 units of complement were employed, using overnight fixation

 at 4° C. Anticomplementary activity was removed, without impairing antibody

 titres, by inactivation a,t 65° C. for 30 min.

 Before starting this survey, large batches of CF antigens for the 229 E, O(: 43 and

 MHV3 viruses were prepared, and one batch only for each virus was used through-

 out; each batch was subdivided and stored at -20° C:. In each test 8 units of

 antigen were used.

 RESULTS

 Heteroloyous antibody rises in volunteer sera after experimental infection

 The proportion of heterologous rises in neutralizing aUntibody to coronaviruses

 has been found to be quite small after natural (McIntosh et at. 1969) or experi-

 I6-2
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 Table 4. Ristng titres of HI antzbody against 0C 43 in patred sera from volunteers
 who developed colds after inoc?bladon wttA various coronavtruses

 No. of rises (4-fold or
 greater) in HI anti-

 body to OC 43

 3

 o

 o

 2

 6

 5

 4

 o

 o

 No. of serurn pairs
 tested

 13
 7
 6
 8

 13
 9

 2
 8
 7

 -

 vlrus given

 229 E

 LP

 B814

 EVS

 OC 38 + 0(D43*
 691*

 663*

 501*

 703*

 * N.I.H., Bethesda ' OC s strains from McIntosh.

 Table 5. Rtses tn CF antsbody tttres to 0(S 43, MHV3, and 229 kZ sn paired sera from
 volunteers who developed colds after tnoculabion wtth various coronavtruses

 N .

 O. Ql 4-101d or greater rlses
 in CF antibody to:

 , A

 OC 43 MHV} 229E
 No. of serum
 pairs tested

 13
 7
 6
 8

 13

 9
 2

 8
 7

 Virus giveI

 229E
 LP

 B 814
 EVS

 OC 38 + OC 43*
 691*

 663*
 501*

 703*

 3
 1

 1

 o

 o

 2

 2

 o

 4

 1

 2

 4

 2

 5

 3

 o

 o

 2

 3

 3

 2

 o

 * ' OC ' strains of McIntosh.

 mental (Bradburne, 1970) infections. Similar studies of III and CF antibody made
 after experimental infections have not been reported.

 Paired sera taken from volunteers infected with all the viruses listed in Table 1
 were tested by HI against OC 43. These sera were all selected from volunteers who
 developed colds after inoculation (see Table 2). Except for solunteers given 229E
 and LP, virus isolation was not attempted; however, viruses were isolated from
 every individual with a cold induced by 229E or LP and it is therefore likely that
 all these volunteers were infected.

 Significant rises in the levels of HI antibody were detected mainly in volunteers
 given the OC 38 or OC 43 viruses, or strains nos. 691 or 663, and a few in volunteers
 given other strains. The results are shown in Table 4. Of 70 paired sera obtained
 from persons given viruses other than OC 38 and OC 43, 14 (20 °/O) had fourfold
 or greater antibody rises in the HI tests.

 These same sera were tested by complement-fixation against three different
 coronavirus antigens. To ensure that the optimum dose of complement was used
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 Table 6. The numbers of heterologous antibody rtses to one or more

 strains of coronavtruses tn human volunteers

 Volunteers given

 , A

 229E, LP, Other

 OC38, OC43 coronaviruses

 (nos.) (nos.)

 Total pairs of sera tested 33 50
 Pairs showing rises to homologous strairl 19
 Pairs showing rises to:

 1 heterologous virus 10 15
 2 heterologous viruses 3 7
 3 heterologous viruses 0 2

 for each antigen the tests were performed at three different dilutions of comple-

 ment, estimated at 1a5, t65 and 1a8 units/drop volume. Significant rises detected

 in these CF tests are summarized in Table 5. There are several exa,mples of hetero-

 logous a.ntibody rises.

 The 229E and LP viruses have been found to be antigenically closely related

 (Bradburne & Tyrrell, 1969) and cross-react completely by (:F tests using animal

 antisera. The number of significant CF antibody rises to the 229E antigen in the

 sera of volunteers given viruses other than 229E or LP was 10 out of 63 pairs

 tested (16 °/0). The mouse hepatitis (MHV3) antigen reacted with several sera. and

 18 out of 83 pairs showed significant rises in antibody titre. Some volunteers

 developed rises to more than one coronavirus aUntigen (Table 6). The actual

 antibody titres obtained in the HI and CF tests varied considerably amongst the

 63 pairs, but generally heterologous antibody rises occurred in those with a low

 titre before inoculation against the heterologous virus. However, several individua,ls

 with high pre-inoculation antibody developed significant rises in antibody titres.

 A survey of the freqt4ency and titres of coronartrus antibody tn normal hqzman sera

 Serum samples were taken from volunteers on arrival at the Unit. These sera

 represent a collection of random specimens from 'normal' healthy adults aged

 between 18 and 50 years and living in all parts of the U.K. Sera taken olrer the

 previous 5 years were studied. For most of this period approximaJtely 20 sera per

 month were available; a,bout 10% of these specimens represented serial samples

 from the same individuals, taken at minimum intervals of 6 months.

 The sera, were tested as follows:

 (1) At a dilution of 1/20 for their capacity to neutralize 90°/O or more of 229E

 pla.ques produced in L 132 cell monolayers.

 (2) At a dilution of t/10 for their ability to completely abolish the agglutination

 of fowl erythrocytes produced by four agglutinating doses of OC 43 virus a,ntigen.

 (3) At twofold dilutions (1/10 to 1/80) for their capacity to fix aUt least 1 unit of

 complement with 4 units of either 229E or OC 43 antigens.

 The results, as shown in Figs. 1 and 2, were grouped into 3-monthly periods,

 representing accumulated tests on a maximum of 60 sera. It can be seen in Fig.1
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 Fig. 1 Fig. 2

 Fig. tj The numbers of normal human sera tested (a) and the proportion of those
 found to neutralize 229E virus (as a 90 °/O plaque reduction) (b) when diluted to t/20.
 The proportion of sers which inhibited the effects of four agglutinating doses of

 OC 43 virus, at a serum dilution of t/10, are shown in the lower histogram (c). All
 results are divided up into 3-monthly periods, between 1965 and 1970. The break in

 the horizontal axis indicates a period when no sera were available.

 Fig. 2. The proportion of normal sera (same specimens as Fig. 1) which react, at a dilu-
 tion of 1/10 or greater, with 229E (a) or OC 43 (b) complement-fixing antigens.

 that relatively few seraJ were available during 1965 and none at all during the last

 quarter of 1965 and the first quarter of 1966.

 In Fig. t (b) it is seen that of sera coHected m the first tbee quarters of 1965,

 40 °/0 neutralized 229E virus. This could reflect a deterioration of the sera after

 prolonged storage, but this is not borne out in the pattern of HI antibody to

 OC 43 virus detected during 1965 and in later years (see below). From 1966 there

 was a fairly high proportion of positive sera which remained high with possible

 peaks in the first and last quarters of 1969.

 In Fig. 1 (c) the equency of HI antibody against 0(: 43 is quite different from

 that of neutralizing antibody against 229E virus. There was a high frequency

 during 1965 and again in the first half of 1969. It was much lower in the inter-

 vening years e:xcept for prominent peaks in the second quarters of 1 967 and t 968.

 Fig. 2 summarizes the rates of detection of CF antibody to both 229E and OC 43

 viruses. Again there are no peaks of occurrence of 229E antibody, but a low

 frequency in 1966, unlike that seen with neutralizing antibody. Antibodies against

 OC 43 likewLse fell in 1966, but instead of three peaks, one peak of high incidence
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 20-

 15<e i _i; ,

 o 10 - .F.. ' ; > _ ^ D L

 O X,,; . A
 1967 1968 1969 1970

 Monthly intervals

 Fig. 3. The actual monthly pattern of complement-fixing antibody titres to the 229E
 virus in normal human sera obtained between January 1967 and March 1970. Titre
 range: *, greater than 1/80; , 1/10 to t/80; 2, less than 1/10.

 LS seen in the last two quarters of 1968 and the first three of 1969. The frequency of

 CF antibodies against both viruses fell towards the end of 1969. The results of

 CF antibody titration against the 229E antigen are analysed in more detail on a

 monthly basis in Fig. 3. Each column shows the number of sera without antibody,

 those with titres from t/10 to 1/80, and those greater than t/80. It can be seen that

 from August 1968 to April 1969 the proportion of sera with high titres of CF anti-

 body increased considerably. Also around this period there were raised incidences

 of neutralizing antibody to 229E and of CF and HI antibody to OC43 virus

 (Figs. 1, 2).

 The maximum incidence of CF antibody, found in the first quarter of 1969, were

 98 °O for 229 E virus and 89°/c, for OC 43 virus; these contrast withthe lowest values

 detected in this survey of 9 °/O for 229E and 14 °/O for OC 43. The maximum and

 minimum incidences of neutralizing antibody detected against 229E virus were

 91 % and 37 °O respectively. The corresponding values for OC 43 wrus HI antibody

 were 61 °/O and 5 °O

 DISCUSSION

 Heteroloyoqbs responses in vol?4nteers

 The induction of the symptoms of the common cold in volunteers with the ' OC '

 strains of McIntosh et 1. (1967-a) and the passage of the infectious agents from

 one volunteer to another fulfils the third clause of Koch7s postulates for these

 coronaviruses. However, for practical reasons rates of virus Lsolation and patterus

 of virus exeretion from infected volunteers were not determined. Similarly, direct

 serological tests using the viruses administeredn were not feasible. The hetero-

 logous responses detected in the paired sera taken from experimentally infected

 volunteers demonstrated tha.t some antigenic interrelationship may exist between

 these new virus strains, even though some of the viruses are distinct on the basis

 of neutralization tests (Kapikian et at. 1969). As yet there is no direct evidence of

 common or group antigens.

 It is possible that the heterologous serologicaJl responses may be the result of
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 antigenic recall after previous exposure to a related corona,virus. Specific cross-
 reactions between these viruses have been demonstrated with animal antisera
 (McIntosh et al. 1969; Bradburne, 1970) using several diSerent serological tests,
 and heterologous rises ha.ve been found in human sera by other workers (McIntosh
 et al. 1969; Kapikian et al. 1969; McIntosh et al. 1970). Ha,emagglutination-
 inhibition antibody rises to the OC 43 virus in sera from persons given viruses
 serologically similar to the 229E strain ha.ve not been demonstrated before, and
 this may aSect attempts to separate these viruses into serological groups (Kapikian
 et al. 1969; McIntosh et al. 1970). The maUjority of the coronavirus straJins seem to
 be capable of producing a heterologous antibody rise to mouse hepatitis virus
 (MHV3) as detected by complement-fixation.

 Two of the ' OC ' strains of McIntosh (OC 38 and OC 43) have been reported to
 be identical (McIntosh et al. 1967b). Viruses designated nos. 691 and 663 also
 produce a high proportion of HI responses to OC 43, but were not adaptable from
 human tracheal organ cultures to suckling mice, unlike OC 38 and OC 43. The
 other viruses react with both MHV3 and 229E antigens by complement-fixation.
 There is some correlation between these results and those reported by McIntosh
 et al. (1970), but in the latter studies very few heterologous rises were detected.

 The incidence of antibodies in random human sera

 In the light of the heterologous responses detected in volunteer sera, the anti-
 body responses that were detected to the two coronavirus antigens used in the
 serological survey cannot be interpreted as being specifically due to these pa,r-
 ticulapr viruses. In other surveys (KaJpikian et al. 1969; Cavallaro & Monto, 1970)
 the results of neutralization and complement-fixation tests have been assumed to
 be relatively specific to the antigens used in the serological tests. A specific assump-
 tion that the 229E and OC 43 viruses are unrelated waJs held by CavallaUro and
 Monto and thawt serological responses to the 229E virus represented infections with
 a 229E-type virus. Such an assumption may be va.lid while studying sera from a,
 relatively small communittz, but probably does not apply to the sera studied in
 this report, which were taken from persons living all over the U.K. It is notable
 that the antibody titres, particularly in the complement-fixation test using a
 229E antigen, were considerably higher, as was the rate of detection, than those
 reported in previous studies. This is probably the result of using a combination of
 concentrated CF antigens and a low (t 5-t 75 units) complement dosage.

 Some of the detected vaJriations in the incidence and titres of antibody in adult
 human sera were probably not significant but the larger variations may reflect
 genuine changes in the frequency of antibody in the general population. The
 occurrence of HI a,ntibody to OC 43 virus demonstrated this particular point. The
 peak frequency in 1967-9 occurred in the second quarter of each year, the quarter
 after the 3-month period in which coronaviruses have been most often isolated
 from man.

 Complement-fixing antibody to both viruses was not common during 1966, but
 increased to a peak in the winter of 1968-9, declining again over the following
 year. This makes it less likely that the rising frequency of antibody, detected
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 before 1969, was an artifact, resulting from a deterioration of sera after long-term

 storage. There was a significant peak in the incidence of neutralizing antibody to

 229E during the first quarter of 1969. As sera positive to OC 43 by the HI test

 became more numerous at this time, it seems reasonable to assume that there wa.s

 a wave of infection passing through the country ca,used by a related virus or

 viruses.

 Epidemiological observations by Cavallaro & Monto (1970) have led them to

 propose that coronavirus complement-fixing activity has a relatively short half-

 life. In our studies it was observed that gross variations in the prevalence of anti-

 body did not occur, but there were more marked variations in the percentage of

 sera with high antibody titres (see Fig. 3). This suggests that a less-sensitive CF

 test would only pick up such high-titre antisera,, or antisera with greater avidity,

 resulting from recent infection with a virus closely related to tha,t used in the

 C:F test. It would not take into account those antisera displaying a low titre and

 possibly less strain-specific activity. Such sera may constitute the greater pro-

 portion of a random selection of sera taken during non-epidemic periods.

 Such serological responses may not necessarily involve upper respiratory tract

 infection. C:avallaro & Monto (1970) obtained a significant relationship between

 upper respiratory disease and CF antibody responses. However, McIntosh et al.

 (1970) found a significantly nega.tive correlation between the development of

 serological responses to OC 43 or MHV (strain A-59) viruses and respiratory tract

 disease. It is interesting that the coronavirus infections of other animals involve

 more generalized illnesses, and corotlavirus-like particles have been detected in

 non-respiratory diseases of man (Zuckerman, Taylor & Almeida, 1970; Friedmann

 & Bird, 1969). If such viruses were related serologically to respiratory corona-

 viruses, they might also figure in the serological responses detected in these studies.

 The authors would like to acknowledge the co-operation of the volunteers, and

 the assistance given by various members of the Staff of the Unit responsible for the

 clinical evaluation of the experimental infections. We would also like to thank

 Drs IV. McIntosh and D. Hamre for supplying original virus isolates.

 REFERENCES

 ALMEIDA, J. D. & TYRELL, D. A. J. (1967). The morphology of three previously uncharacter-
 ized respiratory viruses that grow in organ cultures. Jothrnal of General Vtrology 1, 175.

 BRADBURNE, A. F. (1970). Antigenic relationships amongst coronaviruses. Archtv fi6r dte
 gesarnte V?>rusforschung 31, 352.

 BRADBURNE, A. F., BYNOE, M. L. & TYRRELL, D. A. J. (1967). Effects of a new human
 respiratory virus in volunteers. BriXttsh Medical Joq6rnal iii, 767.

 BRADBURNE, A. F. & TRELL, D. A. J. (1969). The propagation of Coronaviruses in tissue
 culture. Archtsfur dse gesamte Vtrz6sforsch?6n.g 28, 133.

 CAVALLARO, J. J. & MONTO, A. S. (1970). Community-wide outbreak of infection with a
 229E-like coronaarirus in Tecumseh, Michigan. Jo?brnal of Infectsous Dtseases 122, 272.

 FRIEDMANN, I. & BIRD, E. S. (1969). Viruses in a malignant lymphoma. (Corresp.) Lancet ii,
 1013.

 HAMRE, D. & PROCENOW, J. J. (1966). A new virus isolated from human respiratory tract.

 Proceedinys of the Soctety for Expertmental Bsology and Medsc?>ne 121, 190.

This content downloaded from 160.36.178.25 on Sun, 18 Sep 2016 15:03:51 UTC
All use subject to http://about.jstor.org/terms



 A. F BRADBURNE AND B. A. SOMERSET :

 HARTTRY, J. W., Row;, W. P., BLOOM, H. H. DZ; TNER, H. C. (1964). Antibodies to mouse
 hepatitis viruses in human sera. Proceedtngs of the Soczety for EwperiWmental Bwlogy and
 Meditine 115, 414.

 EA]?I1HAN, A. Z., JA1S, H. D. JR., RELLY, S. J., DEES, J. H., TIJ:RNER, H. C., MCINTOSH, K.,
 KIM, H. W., PARROT, R. H., VINCENT, M. M. & CEANOCE, R. M. (1969). Isolationfromman
 of 'avian infectioB bronchitis virus-like' viruses (Coronaviruses) similar to 229E, with
 some epidemiological observations. Jo?l,rnal of Infectzo?ss Diseases 119, 282.

 EAYE, H. & DowsLE, W. R. (1969). Sozne characteristics of haemagglutination of certain
 strains of 'IBV-like' viruses. Journal of Infectzous Dsseases 120, 576.

 MCINTOSH, K., DEES, J. H., BECEER, W. B., KAPIEIAN, A. Z. &; CHANOCE, R. M. (1967a)4
 Recovery in tracheal organ cultures of novel viruses from patients with respiratory disease.
 Proceedtnys of the National Academy of Sctences of the USA 57, 933.

 MCINTOSH? K., BECEER, W. B. & CHANOCE, R. M. (1967b). Growth in suckling mouse brain
 of 'IBV-like' viruses from pationts with upper respiratory tract disease. Proceedings of the
 Nationat Academy of Sciences of the USA 58, 2268.

 MCINTOSH, K., RAPIEIAN, A. Z., HDISON, K. A., EARTLEY, J. W. & CHANOCE, R. M.
 (1969). Antigenic relationships among the coronaviruses of man and between human and
 animal coronaviruses. Journal of Irnmunology 102, liO9.

 MCINTOSE, K., KA:EIEIAN, A. Z., TIJRNER, H. C., HARTLEY, J. W., PARROTS R. H. &; CHANOCE,
 R. M. (1970). Seroepidemiologic studies of coronavirus infection in adults and children.
 American Joqxrnal of Eptdemiology 91, 585.

 TAJIMA, M. (1970). Morphology of transmissible gastroenteritis virus of pigs: a possible
 member of coronaviruses. ArchivJur die gesamte vivruWsforsc^?hn9 29, 105.

 TREI,L, D. A. J. (1963). The use of volunteers. Americarw Review of Respiratory Dwease 88,
 128.

 TYRRELL, D. A. J. (1967). Common colds and related diseases. British Medical Bulletin 23, 124.
 T:ELELL, D. A. J. & BLAMIRE, C. J. (1967). Improvements in the method of growing respira-

 tory viruses in organ cultures. Brit?,sh Journal of Expertmentl Pathology 48, 217.
 TYRRELL, D. A. J. & BYNOE, M. L. (1965). Cultivation of a novel type of common cold virus

 in organ cultures. Brttish Medical Jo?srnal i 1467.
 TRELL, D. A. J., BYNOE, M. L. & HOORN, B. (1968). Cultivation of 'difficult' viruses from

 patients with common colds. Brit?,sh Medtcczl Journal i, 606.
 ZUCRERMAN, A. J., TAOR, P. E. & ALMEIDA, J. D. (1970). Presence of particles other than

 the Australia SH antigen in a case of chronic active hepatitis with cirrhosis. British lnkledicaZ
 Jourrwal i, 262.

This content downloaded from 160.36.178.25 on Sun, 18 Sep 2016 15:03:51 UTC
All use subject to http://about.jstor.org/terms


	Contents
	235
	236
	237
	238
	239
	240
	241
	242
	243
	244

	Issue Table of Contents
	The Journal of Hygiene, Vol. 70, No. 2 (Jun., 1972), pp. 203-386
	Spontaneous Magnitude Estimation of Thermal Discomfort during Changes in the Ambient Temperature [pp. 203-221]
	Survival of Salmonella typhi in Sea-Water [pp. 223-228]
	Inoculation of Hamsters with a Temperature Sensitive (ts) Mutant of Parainfluenza 3 Virus [pp. 229-234]
	Coronavirus Antibody Titres in Sera of Healthy Adults and Experimentally Infected Volunteers [pp. 235-244]
	Water-Borne Typhoid Fever Caused by an Unusual Vi-Phage Type in Edinburgh [pp. 245-253]
	Polyethylene Glycol Purification of Influenza Virus with Respect to Aggregation and Antigenicity [pp. 255-265]
	Studies on the Adsorption of Certain Medium Proteins to Mycoplasma gallisepticum and Their Influence on Agglutination and Haemagglutination Reactions [pp. 267-278]
	The Control by Ventilation of Airborne Bacterial Transfer between Hospital Patients, and Its Assessment by Means of a Particle Tracer: I. An Airborne-Particle Tracer for Cross-Infection Studies [pp. 279-286]
	The Control by Ventilation of Airborne Bacterial Transfer between Hospital Patients, and Its Assessment by Means of a Particle Tracer: II. Ventilation in Subdivided Isolation Units [pp. 287-297]
	The Control by Ventilation of Airborne Bacterial Transfer between Hospital Patients, and Its Assessment by Means of a Particle Tracer: III. Studies with an Airborne-Particle Tracer in an Isolation Ward for Burned Patients [pp. 299-312]
	Redox Potential Measurements for Determining the Disinfecting Power of Chlorinated Water [pp. 313-323]
	An Epidemic Associated with Echovirus Type 18 [pp. 325-334]
	Colonization Resistance of the Digestive Tract and the Spread of Bacteria to the Lymphatic Organs in Mice [pp. 335-342]
	Specificity of Early Protective Responses Induced by Pseudomonas Vaccines [pp. 343-351]
	A Comparison of the Antigens Present on the Surface of Virus Released Artificially from Chick Cells Infected with Vaccinia Virus, and Cowpox Virus and Its White Pock Mutant [pp. 353-365]
	An Evaluation of Strontium Chloride, Rappaport and Strontium Selenite Enrichment for the Isolation of Salmonellas from Man, Animals, Meat Products and Abattoir Effluents [pp. 367-384]
	Corrigenda to A Public Health Laboratory Service Working Group and Ghosh [p. 385]



