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I. HISTORY

The discovery of Coxsackie viruses or C viruses 11 

was made by Dalldorf and Sickles (1) in 19�7 when they 

isolated CoxsacW.e vil"Us from suckling mice which were 

innoculated with stool extracts from two boys who were 

clinically diag!t,sed as para1ytic poliomyelitis. 

Polio­myelitis virus was also isolated from the stools of 

these two boys. The f�lterable agent (Coxsaokie virus) 

differed from Poliomy,elitis virus in that it induced fatal 

disease \�1th paralysis and destructive lesions of striated 

muscle in unweaned mice but not in adult mice, adult 

hamsters, or Rhesus monkeys• Dalldorf (1) proposed the 

term Cox­sackie virus for this filtrable agent that was 

isolated, because the two boys from whom the virus was 

first iso­lated lived in C�xsackie, New York. 

In 1949 Dalldorf et al. (2,3) proposed the 

nomenclature for Coxsaekie viruses. The classification 

proposed in 1949 is based on groups designated by capital 

letters and types iden�ified by arable figures. At the 

present this cla�sifica.tion is widely used and was endorsed 

by an Ad Hoc panel, under the chairman of the Virus 

Subco:mmitt�e of the International Committee on 

Bacteriological Nomenclature, meeting during the session of 

the International Congress for Microbiology in Rome 

in 1953. 
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The interesting history of the clinical syn­

dromes, and the histoty of the causative group of Cox­

sackie viruses ns etiological agents will be discussed 

elsewhere in th$ pape�. 

II. CHARACTERS OF THE VIRUS

A. Physical Projerties

In 195d Robinson (4) reported that suspensions

of certain strains of Coxsackie viruses are inactivated 
0 0 

in thirty minutes between 53 C and 55 C. He also re- 

ported that Coxsackie viruses withstand pH 2.3-9.4 for 

one day and pH 4.o-8.o for seven days. Melnick et al. (5) 

reported in 1950 that the activity of Coxsackie virus is 

not lost when specimens or infected tissue are stored in 

50� glycerol or �orse serum at room temperature for as 

long as 70 days ,p,nd in a refrigerator for over a year. 

In 1952 Sulkin (.:;) de:rmns.trated the isolation or C viruses 

from stools of P·".tients that had been stored for at least 

6 years in a dry ice cabinet. In 1951 Melnick et al. (7) 

found the particle size of four antigenically different 

C viruses to be 15-23 rrl.llimicrons by ultra.filtration and 

24-32 millimicrons by sedimentation in the ultracentrifuge.

They also noted �lhat the Lansing strain of poliomyelitis 

virus was of the same magnitude as the Coxsackie virus. 

In 1950 Himmelweit et a.l. (8) found the particle size of 
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two serological unrelated strains of C virus to be 10-15 

millimicrons by methods of filtration through Gradocal 

membranes. Quig�ey (9) in 1949 working with Dalldorf 

'?ype IC virus showed that the virus passed throu.gh an 

18 millimicron membrane, indicating that the virus size 

would be 10 milllmicrons or less. In 1952 Melnick and 

CU.rnen (10) stated that Warren and Breese in 1951 found 

Texas-1 type (Tyj>e A4) C virus to be 25�35 millimierons 

in size using anllytical ultracentrifuge and electron 

microscope metho16.s. Ft-om this data it appears that C 

viruses are very small and range from 10-35 millimicrons in 

size. In 19�0 Melnick (11) showed that C viruses 

passed through btcteria tight filters with no significant 

loss of titer an� that these viruses were not inactivated 

in vitro or in vivo by penicillin, streptomycin, ohlor­ 

amphe�icol, terrUIYcin, or viscosin. His studies also re­

vealed that the iiruses were not inactivated by ethanol 

( 70%), lysol (.5%), roe cal { 1%), or ether, but were rapidly 

inactivated when treated with O.lN HCL or 0.3% 

formaldehyde and that these v�ruses were precipitated by½ 

saturation of annnonium sulf�te. l, .elnick and CU.rnen ( 10) 

stated that 

Kaplan and Melnick in 1952 reported that aqueous suspens­

ions of certain strains of C viruses were inactivated 

between 50 and 55 Co when heated for 30 minutes and that

temperatures 5-2d Co hi(ller were required for inactivation 

3.



when the virus was suspended in milk, cream, or ice cream. 

Mc Kee et al. (la) reported in 1953 that nothing is known 

about the metabolism of this group of viruses. 

B. Types

In 1955 Dallddrf (13) stated that thus far 24 C 

viruses have been discovered and that 19 types belong to 

Group .A and 5 types belong to Group B. This 

differ­entiation into tJ1)es was accomplished by 

neutralization and complement fixation methods through the 

work of Dalldorf, Melnic1�, Huebner, and their co-workers. 

III. EPIDEMIOLOGY

A. Geograpliic Distribution

Since t�e discovery of C virus in 1947 by Dalldorf

and Sickles (1), the C viruses appear to have a world-wide 

distribution and have been isolated wherever a valid 

attempt has been ma.de. 

In 1955 Pohjanpelto (J.4) compiled data on the 

geographic distrtbution of C viruses. In his compiled 

chart he revealed that C viruses had been isolated in 

Denmark, England, Finland, France, Germ.any, Hungary, 

Iceland, Italy, retherlands, Sweden, Switzerland, Alaska, 

Brazil, Canada, United States, Australia, New Zealand, 

Japan, Eqypt, Is�ael, and Transvaal. 

From the numerous reports of isolation of C 

viruses in United States, it appears that these viruses 



are wide spread within the United States. 

B. Seasonal Inc!dence

The majority of C viruses appear to have been

found in the s1lltnler and autumn. In 1955 Pohja.npelto (14) 

stated that onl-j 16 of the 276 strains isolated all over 

the globe (6. :) were found in the winter or spring, making 

a summer-autumn incidence 16 times higher than the winter­

spring incidence. He feels that this ratio is probably 

incorrect, since presumably tne majority of the samples 

investigated were collected in the summer and autumn. 

The reason that �hese specimens were collected in the 

sunnner and autumil was that many investigators were trying 

to find out if the C vlruses played any role in patients with 

poliomyelitis, since C viruses are frequently found 

in patients who have pcliomyelitis. In 1951 Cole et al. 

(15) reported thit the seasonal occurence of Group AC viruses 

was in tae late summer months and the early fall months. In 

1950 t.lD.d 1051 Huebner et al. (16,17) collected fecal specimens  

at dift'erent times from dif'ferent inhabitants and noted that 

tbe isolation of C viruses was made almost exclusively in 

July, August, and September. Melnick and Cu.men (10) stated 

that Melnick, Coffey, and Schoof collected specimens of sewage 

each month from different areas in the United States, and 

their studies indicated that C viruses we�e encountered more 

frequently and in a 
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greater quantity in the summer and fall. Melnick et al. 

(18) stated in 1954 that the C virus inf'ections belong to

the su.mmer and fall diseases and that they do not occur 

evenly throughotft; the year. 

The in�estigators cited in this section are all 

in agreement that C viruses are found most frequently in 

the summer and �utumri (fall). 

c. Age, Race, Sex, and Familial Incidence

In 1951 Cole et al. (15) reported that out of

over 1000 samples studied in the United States, C virus·es 

were found in 10 � in persons under 10 years of age and 

in only 4� of tHose over 10 years of age. Dalldorf (19) 

in 1950 reported that 1n 433 cases that C viruses were 

found in 39.3: .- i:n. children under 5 years, 35.7,. in child­

ren from 5 years throuth 9 years, 21.4�; from the ages 10 

through 19, and tn 3.6:; of pe.rsons over 19 years of age. 

Pohjanpelto (14) in 19�5 reported that C viruses for the 

most part have been isolated from children and that only 

69 (27%) of the t85 virus strains isolated in different 

parts of the world were found in pers.ons over 10 years of 

age. 

It is e Trident from this survey of literature 

that C viruses are more frequently isolated from children 

10 y�ars old dr founger. 

Dalldor · and Gifford (20) in 1951 stated that 
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the disease ( C virus infection) was twice as common in 

males as in fema�es. Cole et al. (15) in 1951 noted no 

significant difference in sex incidence of diseases caused 

by C viruses. '11:li�s (21) in 195� stated that from the 

present data the�e does not seem to be any sex or race 

difference in pe�ple aCfected with C viruses. 

In 1951 Cole et al. (15) reported on the multiple 

cases of Group AC viruses found within families. Numerous 

other investigat�rs have reported on familial infections 

with C viruses, thus c-mfirm:ing that C virus infections 

are disseminated in family groups. 

D. Source, Host aange, and Mode of Infection

The first isolation of C viruses was made from the 

stools of twd boys clinically suffering with p�alytic 

poliomyelitis by Dalldorf and Sickles (1) in 1947. 

Curnen (22) in 19:0 recovered C viruses from feces and 

phary;ngeal swabbihgs from patients, and in one case C virus 

was demonstrated in both the throat and feces for more than 

two weeks. In 1951 Huebner et al. (16) isolated Group AC 

viruses from throat washings, rectal swabs, and 

in the stools of D, .... _tients with Herpangina. In 1951 Co:Ie 

et al. (15) were lble to isolate Group AC viruses from 

the stools of one patient for 76 days after the onset of 

illness; however, they st·ted that the virus usually can­

not be recovered from the stools for more than one month 
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after the first symptoms of the diseaae are observed. 

According to Ca�penter and Boak (23), Rhodes and Van Rooyen 

(24-), and Laza�s et al. (25}, the best source of isolation 

of C vlruses is from feces, as the viruses appear for only 

�- few days a:rter the onset of illness 

in pharyngeal walihings or swabbing. In 1952 Melnick and 

Curnen (10) stated that Melnick, Coffey, and Schoof iso­ 

lated C viruses rrom sewage and flies collected through� 

out the year. In 1950 Howitt (26,27) isolated C viruses 

from spinal fluid, blood, urine, and from CNS lesions 

from humans at p$st-mortam. This observation was doubted 

for some time but now has been shown to be true by other 

investigators. ln 1952 Lepine et al. (28) reported iso­ 

lation of C viruses from stools and muscle tissue obtained 

from muscle biopsies f�om patients with Bornholm 1 s disease. 

Creveld et al. {29) in 1956 reported on culture and iso­ 

lation of C viruses !'ram the heart of infants obtained 

at post-mortem \7l10 died of interstitual myoca.rdi tis. 

De.lldorf et al. {1,2) in 191:.9 we1 .. e the first to 

show at that time that the host range was man, and suck­ 

ling mice and ha.II1Sters. In 1950 Melnick and Ledinko (5) 

reported that following oral administration of C viruses an 

infectious state could be established in Cynomalgus 

monkeys. The aniia.als d&veloped a febrile response with 

no evidence of muscle or CNS lesions and became pharyngeal 

8.



and intestinal carriers. Sulkin (6) in 1952 report�d that 

newborn guinea pigs were refractory to C virus in­

fections. In 19 ,..,2 :felnick and Penner (30) reported that C 

viruses can be detected for 12 days in the excreta of• 

flies fed the v:i,J.�uses experimentally. Fischer and Syverton 

(31) in 1951 stated that the American cockroach will

excrete C viruses for as long as 15 days following 

a single meal containing C viruses. Tobin (32) in 1953

stated that Lepine,Cha.tunont, and Blusson in 1952 revealed 

that young hamsters and merions were susceptible to C 

viruses. The ad�ptation of C viruses to tissue culture 

cells will be discussed later when the laboratory 

diagnosis is considered (33). 

In 1951 Cole et al. (15) reported on the familial 

incidence of Herpangina and suggested that the mode of 

spread was i'rom _person to person. Huebner E::t s.l. (34-,Jr::') 

in 1952 noted th• presence of C viruses in the majority 

of people who were close contacts, thus suggesting also 

that these vi�uses are spread from one another by contact. 

Tobin (32) in 1953 stated that Findlay in 1952 suggested that 

droplet ini'Action was the normal method of spread from case to 

case. Tobin (32) believed that it was more probable that th♦se 

viruses were spread in the same manner as other Pnteric agents 

ie/ by infected fomites, food, and water; there."ore, their 

incidence should be 



reduced by high standards of personal and communal hygiene. 

Melnick et al. (18) in 195!t. stated that it is not evident 

whetr:h.er or not, the presence of C viruses in sewage and 

flies is a direct or even an indirect link in the chain 

which leads these viruses from one infected person to 

another. They also stated that even though the viruses 

have been found in flies, there is no evidence that 

multiplicat_;ion of the viruses occurs within them. 

The same holds tvue for the isolation of C viruses from the 

American cockroach by Fischer and Syverton (31). T'ninnes 

(21) stated in 1954 that spread seems to be by direct 

contact wlth al1 susceptibles becoming 1nfect-ed 

,but only 30-50� exhibit clinical symptoms. Carpenter (23) 

stated in 19.52 t]n.at close contact is conducive to trans­ 

mission of infection oy C viruses and that infection may 

result from cont�ct with persons who have asymptomatic 

cases, with persons in whom the disease is clinically 

apparent, or i'rom carriers. Dalldorf (3) stated in 1955 

that since proof is st�ll lacking that current sanitary 

methods regularly desti-oy C viruses, it offers a challenge 

to sanitarians to help combat the spread of C viruses. 

He believes that C viruses are transmitted rather directly 

, and personal hygiene seems most important. 

The exaat spr$ad of C viruses is still not known 

in man. 
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IV. PATHOLOGY

A. Experi:Iltental Animals

Gifford. and l)alldorf (36) reported in 1951 the

division of C v::.ruses into two groups (Group A and Group B) 

by different histopathological features of the disease 

produQed in suck�ing mice by the two g�oups of viruses 

which had no an�[genic relationship to one another. A 

detailed description of their interesting discovery and 

findings will now be presented. 

In thei� e.xpe�iments 2�5 mice, not older than 

10 days, and 2 suckling hamsters were used. 

1. Finl:lings ·with Group A Coxsackie viruses

nrt was noted that the experimental 

animals infected with Group AC viruses produced flaccid 

paralysis of one or mo�e limbs and generally died within 

a day or two fo1 lO\"ling the first evidence of \Veakness. 

'No signs of ence]J>halitis were noted. 11 

The onlj- gross lesions that they observed in the 

infected animals with (lroup A C viruses v1ere opaque whi:tish 

streaks in the slteletal :muscles of the severely paralyzed 

ones. On the mieroscoJic examination they noted extensive 

hyaline degenerat�ion and active repair in most of the 

striated muscles. The1 have never observedtheae: changes 

in normal mice of the same age. The degeneration started 

with the loss of finer details in the striated 11IUscle fibers. 
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The process soon unde:tment hyaline degeneration, fragmentation 

and clumping. Soon after this process, active repair 

began wh�eh was manifested by the appearance of young 

mesenchymal elen�nts Uh.at surrounded the nruscle fiber 

fragments. Thej noted that repair was extreme in degree 

and that it miglit be d;ue to the innnaturity of the animals. 

Most of the you�g meseJ1chymal cells were myoblasts. They 

noted th�t the route of innoculation of the animals did 

not determine the morphologic response. 

2. Fin�ings with Group B Coxsackie viruses

Giff'ord and Dalldorf (36) noted that the 

experimental animals infected with Group BC viruses often 

showed generalized spasms as ·well as wealmess and paralysis. 

They also noted that frequently the tail became tremulous 

and rigid, and dfspnea and cyanosis were often observed. 

In contrast to t·1e experimental animals 'infected with 

Group AC viruses, it was noted that the animals infected 

with Group BC vlruses may survive for as long as 10 days 

or may recover. 

The gross finj;lings that they noted in tbe animals 

infected with Gr�up BC viruses were liquefaction of the 

cerebral hemispheres, hnd congestion or pallor of the fat 

pads between the scapulae. They have noted that no gross 

nruscle lesions h�ve ever been recognized with this group 

of C viruses. 

12.



On mic�oscoptc examination the skeletal muscles 

were noted to be involved in approximately two-thirds of 

the infected anilnals and that the lesions produced in the 

muscle differed �rom those produced by the Group AC viruses 

in being focal :..'r-ther than generalized. The structural 

details of the lesions were indistinguishable from those 

produced by the �roup AC viruses. They noted that the 

animals innoculated int:..·aperitoneally tended to develop more 

severe Imlsclc changes than those infected by the 

intracerebral route. The most conspicuous change noted 

by them in intra�erebrally innoculated animals was in the 

cerebral hemispheres which was usually bilateral and 

symmetrical. The changes noted consisted of a patchy 

dissolution of the par"nehymal cells which resembled early 

anemic necrosis. It was noted that death of neurons occured 

very quickly and was followed by widespread liquifaction 

and infiltration of a �ew PMN leukocytes. It was also 

noted in the anit�als that survived fol" a. number of days that 

their cerebPal hauispheres were transformed into cystic 

masses anf that this process occured most colnm.only in the 

frontal lobes. The midbrain and thalmus were comm.only 

involve(, and the rµ.ppocampus was occasionally the site of 

the Initial lesion. In all their in:tected animals except 

one, th• olfactory bulbs were intact. They noted that the 

s�inal cord (upper levels), pons, and medulla 

13.



might be affected and that outside the cerebral hemi­

sphe�es the damage to the CNS was focal, and degeneration 

was limited to snall areas or to particular nuclei. 

Occasional vasct(lar lesions were seen by them in the CNS 

which consisted of dilatation accompanied by some thick­

ening of the vascular endothelium. It was felt by them 

that t his invollTemen"ti was, if anything, more common and 

pronounced in t�e neure.xis. No other prominent features 

were noted in tHis respect. The most unique lesion noted 

by them was fountl in the fat pads and was most conspicuous 

in the large fat pad between the scapulae. It was also 

noted by them th t usu�lly other depots were simultaneously 

involved. They observed that the process co:mznonly began at 

or near the periphery of the lobules and that about the 

necrotic zone was a fairly loose inf'larnmatory reaction 

consisting of leukocytes and connective tissue elements 

with which were :nixed regenerating fat cells. They noted 

that the general structure vms somewhat like panc�·eatic fat 

necrosis in humans from which it differed in the 

incompleteness of its necrosis and in its inflammatory 

response. They found myocardial lesions in 3 of the 51 

Group B infected animals in which the myocardial fibers 

appeared faded, and in the larger foci they appeared 

faintly hyaline in character. Th�y also noted hydl'opic 

degeneration near the margin ot muscle cells, and fr�gm.en­

tation and loss or muscle fibers were seen in relatively 
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large areas. Th�y noted a few muscles•in which acido­

philic granules �ould be seen. They observed hepatitis 

of varying degre�; no pancreatic disease was noted. In 

1952 Kunz et al. (37) �eported that pancreatitis developed 

in adult mice (mice ove-r 3 weeks of age} that ate infected 

suckling mice wit:: Group B C viruses. It was noted that the 

pancreatic acinar tissue became necrotic and was re­placed 

by fat in the survi�ing animals and that pancreatitis does 

not occur di�ring the suckling period in mice which 

is from the 4th. day o� life to the 21st. day of life. 

Dalldorf (3} rep♦rted in 1955 that to date no virus 

particles have bten id$ntified in lesions produced by C 

viruses and that "Aumoil.ier undertook to characterize t-he 

earliest changes and found that the sequence of events 

in striated muscle was loss of 1.·: 11 and ttz tt lines, loss 

of uA" and "I"dtscs, swelling of the myofibrils, and, 

finally, complete loss of structure. He postulated that 

Group A virus mar have a specific affinity for one or more 

of the constitueits of the myofibrils.u 

Melnick and Curnen (10) stated in 1952 that the 

distribution of lesioni in mice is influenced by many 

�actors includinj the iype and dose or virus, the age and 

strain of mice, the route of innoculation, and the fixation 

of tissue for histological examination. uThese variables 

make the histopatholog1c classification of C virus 



suggested by Dal1dorf more difficult and less certain 

than one based e�clusive-ly on immunologic criteria.n 

B. Human

The literature is scant on the distinctive

lesions that may be produced in man, because no deaths 

have been reported due to C viruses, unless the deaths 

from :myocarditis neonatorum in which Group BC viruses 

were isolated ar� cons�dered. The-se pathological 

findings will be mentibned when clinical syndromes are 

considered. The same will be done with the gross findings 

of Rerpangina. 

Lepine "t al. (28) reported in 1'·52 that similar 

lesions were seen in muscle biopsy material from 2 cases 

of Bornholm 1 s disease that resembled those seen in suck­

ling mice experiln.entally. innocula.ted with Group B C viruses. 

Focal areas of mGnonuclear and PMN infiltration, and

degeneration of ru.scle fibers were seen in the human 

muscle biopsies. Grout BC virus was recovered from the 

stools and from the muscle biopsies of the patients by 

the innoculation of suckling mice. 

V. PATH0GE11ESIS IU MAN

Rhodes and Van Rooyen (24) reported in 1953 that 

little is known ,lbout "the pathogenesis of C viruses in 

man, and speculated th�.t the viruses entered the body 

through the pharynx, iztestine, or nose. They uso stated 
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that it was not known where the virus proliferates nor 

which organs are even'Q:ually arrected. They thought that 

it would seem likely that the virus invades and pro­

liferates in viscera, muscles, and in some cases the 

meninges. It was also speculated by them that at some 

stage the virus is prasumbably blood borne. Keller and 

Vivell (38) proposed in their report in 1951 that the C 

viruses enter chiefly through the G-I tract and that the 

viruses pass via the ]gmphatics to the blood stream. 

Then after a shcf:' :; stage of viraemia, the virus is locn:t:tzed 

in the muscles p�oduciJ).g myositis. They Believe that the 

further course depends on the neutra.trop1sm of the virus 

and that CoxsacWie A strains are only feebly neu.rotropic 

and tend to prog::-ess no f'urther. 

VI. IMUUNITY IN MAM

C viruses are capable of producing disease in 

humans and or stlmulat.lng an innnune response. Tb.is 

innn.une response in the human host was clearly demonstrated 

by Shaw et al. (19) who reported in 1950 the studies of 

6 labo.ratory 1,•mr'ters who became inf'ected while 

investigating C viruses. A sttain of C virus was isolated 

�rom each laboratory worker during the acute febrile 

illness. Sera collected from thes.e workers prior to the 

illness contained no an�ibodies ag!inst the infecting type 

of C virus while all sera collected durlng convalescence 

possessed type-



specific antibotiles. Kraft and Melnick (40) in 1952 

reported that the C-F tests with the sera from these 6 

workers showed 110t on1:� the development of antibodies 

against the infecting strain, but also the development 

of r.>..ntibodies a��inst unrel:ated strains. '!'hey believed 

that this represented an ana.nmestic reaction. Beeman 

and Huebner(!µ) stated in 195'2 that this rise in hetero­ 

logous antibody .nay be due to a group antigen contained 

in all C viruses. One can readily see that C-F tests 

with hum.an sera ·�ave a limited ·value in the diagnosis of 

C viruses, becau�e of this rise in heterologous antibody as 

well as the h1bmologous one. Tobin (32} reported in 1953 

that Curnen stated in 1952 that C-F antibodies do 

not persist for �he -satie length of time as neutralizing 

ones and often dlsappea.r or drop to a low level within 

6 months. He also stq�ed that in hum.an infection with 

C virus a rise in neuttalizing antibody can be 

demonstrated provided that tht first serum sample is taken 

within the first few days o� illness, and the second sample 

taken 

10 days or m.ore after the appearance of 'the illness. 

Tobin (32) stated in 1953 that antibodies appear on the 

5th. to the 9th. day amd increase rapidly, in many cases to 

their maximum withia a few d�ys, and persist for at least a 

year wi tl:_ the Jroup B C viruses and for longer periods with 

those of .:t-roup AC viruses. Dalldorf (19) 
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stated in 195-0 Hhat adult serums customar-iJ.y contain anti­

bodies for many types of C viruses. Mc Kee et al. {12) 

stated in 1953 i}ha.t the incidence of antibodies against 

multiple types of C viruses increase with age, and the 

incidence of antibodies against the virus is lower among 

children than anong actults. Melnick (11) in 1950 reported

that neutralizi�g antibodies appear at or soon after t�e 

onset of the disease and that C-F antibodies appear to 

be demonstrable bnly after neutralizing antibodies have 

ma.de their appearance. Curnen and Melnick (4-2) stated in 

that there is no evidence to suggest that individuals 

innnune to poliomyelitis are immunized against infections 

caused by the C viruses or vice versa. Melnick and 

Ledinko (4-3) repc,rted 1n 1951 that natural passive immunity 

is conferred froji mother to child by way of 1nilk, as 

measured by neut alizii>.g and C-F antibodies and that these 

antibodies disappear from the serum after a few months. 

The exaet dur�·tion of immunity produced in 

humans from C vi�us infections is still not known. 

VII. CLINICAL FEA.TURES

The gentral clinical features of C virus infect­

ions will be discussed in this section. The s -,ecific 

clinical features of the synd:i-omes caused by C viruses 

will be discussed unde� clinical syndromes. One must 

realize that in n:.any cases there are combinations of 



these features, and tltey are by all means not clear cut. 

In 195_, Yeager (4lt-) md Rhodes and Van Rooyen (24)

reported that the general clinical characteristics of 

Coxsackie infectlon were as follows: 

General mal�ise which was very common at the begin­

ing of the disease process. 

Muscular patn _££. myalgia was a common finding which 

at times may be �ccomp�nied by muscle spasm or tenderness. 

This muscle pain and tenderness may resemble that seen in 

poliomyelitis, b11t no true muscle shortening, as seen in 

poliomyelitis, has been reported with C virus infections. 

Meningismus and aseptic meningitis are also fairly 

cozmnon rindings ln people infected with C viruses. These 

patients usually develbp signs of meningeal irritation. 

A moderate pleocttosis may b� seen in the CSF. The cells 

are predominate l�r lymp)iocyte s. The V'ffiC in the CSF may 

reach 150-200/cm• but rarely higher. The total protein 

in the CSF may also be elevated but usually not over 

60 mg.%. The to al sugar in the CSF is usually normal. 

Pyrexia is llsuallt present and moderate in intensity, 

but infants may �eveloJ extreme pyrexia and have convul­

sions. The fever is U$Ually of short duration. 

Transitory n�scle weakness 2!. paralysis has been re­

ported in some c:"tses infected with C viruses. The paralysis 

or weakness is tiansitory. No investigator has ever 
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determined the nechani.sm for this wealmess or paralysis. 

Generalized flushing and injection of all.mucous 

membranes of the mouth, eyes, and upper respiratory tract may 

occur. 

The patient may complain of a painful sore throat, an� 

ulceration of the mucous membranes, particularly of the 

tonsillar pillars and soft palate,.may occur. 

Gastro-intestinal crises may be�� C virus 

infections in th� form of cramping, diarrhea, and vomit�ng. 

It has been frequently seen in familial contacts of· 

Coxsackie disease that these people suffer from a short 

term gastro-ente�o-colitis. They recover without mani­festing 

other symptoms of Coxsackie infection. Yeager (44) 

is inclined to believe that these G-I upsets are abortive forms 

of the disease and states that this impression is supported by 

the fact that C viruses a.re so readily re­covered from the 

stools of patients with Coxsackie disease. 

Incubation aeriod appears to range from 2-9 days 

with a mean betwa•en 3 --nd 5 days acco�.ding to CUrnen (22}, 
°

Huebner et al • ( 16 ) , and Findlay and Howard ( 4-5) • 

Recovery in most cases is comp�ete but in the past several 

years, several investigators have reported deaths 

of infants with inters ';itua.l myocarditis caus""d by Group B 

C viruses. This will be discussed later in detail. In general 

the course is short, but some cases of encephalitis have 

prolonged courses as will be seen later. 
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Treatment is entirely symptomatic and at the present 

time no anti-se:>um or vaccine for active or passive 

immunity is e.vailable. 

VIII. CLINICAL SYNDROMES

A. Those �aused by Group AC viruses

1. He _-.pangina

In 1920 Zahorsky (46,47) described 

what he called Herpetic sore tnroat which in 192-4 he 

called nHerpangina 11 • His original d�scription of 

Herpangina ·was so exacting that later investigators could 

add very little to his description; therefore, his work 

will be cited. 

Zahors·cy (46,l.�7),Pa;r-rott et al. (48), and 

Huebner et al. (16) agree that the disease affects child­

ren·betv,een the ages 3-10 and that the incubation period 

ranges from 4-1� days. These investigators also noted 

that the disease was ver,n..J conm1on in families. Zahorsky (46) 

in 1920 noted tl1at smears taken from the lesions in the 

mouth revealed the srurre bacteriological picture which is 

usually obtained from secretions of the mouth and throat. 

This has been confirmed by·nw11erous other investigators. 

Zahorsky' s (li-;6) description of Herpangina will 

now be presented. 

11 The d:sease begins suddenly with a high fever 
0 

(102-105 F). _ marked chill was not observed. In one 
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child a severe convulsion ushered in the general sym­

ptoms. Vomiting was fre_uently present, but only once 

did it continue for 2 days. The children complain of 

being tired, have headache, and backache. Severe 

prostration did not occur. Diarrhea was observed only 

a few times and was not severe". 

"On-examining the children nothing is found 

except the characteristic appearance of the mouth and 

throat. ·on superficial inspection a tonsillitis will be 

diagnosticated, since the tonsil is always swollen, the 

pillars of the fauces congested, and a slieht grayish 

exudate is often found protruding from the crypts of the 

.tonsils. But on more careful inspection the character­

istic vesicles or ulcers will be seen. They are not_ 

usually numerous: 2-6 is the rule. In one case I counted 

10. They are generally situated on the soft palate, most

frequently on the free-hanging margin between the tonsils 

and uvula, or on the anterior pillar of the fauces, but 

one or more vesicles or ulcers may be found on the post­

erior part of tre buccal nrucous membranes. I have several 

times found one or more vesicles or ulcers on the surface 

of the tonsils. Often one or more vesicles are located 

on the pha�yngeal wall. These vesicles are the size of 

a pea, the center of 7hich has an elevated grayish-appear­

ing blister. Most commonly the large blister bursts and 
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leaves a punched out ulcer surrounded by a gray r•ing of 

dead epithelial layer, and this is surround-ad by a dark 

red areola. The surface of ;he ulcer often shows a thin 

grayish deposit. The fever ubsides in 2-5 days and the 

ulcers in the mouth heal rap:.dly. 11 

During the summers of 1946, 1947, and 1948 ·in 

Northern Louisiana, .ebb et Ll. (49) observed the epidemic 

occurence of an acute febrile illness in c1ildren which 

was characterized by high fever, headache, and brief 

duration. They termed this illness nThree Day Fever 11 
• 

They also noted vesicular studding over the soft palate. 

Cole et al. (15) reported in 1951 that they made the 

same clinical observations and.stated that it was patho­

gnomic of a well defined synctrome "Herpangina 11 described 

and named by Zahorsky in 1921_. 

It was not un4;il 1951 that Huebner et al. ( 16) 

i�eported that Herpangina was caused by Grpup A C viruses. 

They carried out etiological investigations of Herpangina 

from 1949 thru 1951 and were able to show that Herpangina 

was definitely associated with the presence of one of 6

Group AC viruses in the feces or throat secretions, or 

both in 85 of the 99 c-ses of Herpangina that they studied. 

In 1952 Beeman et al. (50) suggested that 

Herpa.ngina vrns a fai1�1:,. connncn disease, because of the 

rel tively high nun1ber of human beings showing antibodies 



against one of the Group AC viruses. 

B. Those caused by Group BC viruses

Dalldorf (3) stated in 1955 that at the present

time more attention is paid to the Group B than the Group 

AC virucies, because the Group B viruses are more import­

ant agents of disease in man and isolated more easily by 

tissue cul tur·e n.ethods. Only 5 of the 19 Group A strains 

are cytopathogenic. He now believes that the Group B 

strains will intrude no�e into the study of poliomyelitis 

than the Group A strains. 

1. Bornholm 1 s Disease (Epidentlc Pleurodynia)

In 1943 Howard et al. (51) reported 

that the first description of Bornholm 1 s disease was made 

in 1872 by Daae in Norway who spoke of the disease as 

epidemic muscular rheumatism. They stated that Daae in 

1872 wrote the following description of the disease which 

is still the best descripton •. 

"As a 1°ule the patient has a stitch in one side 

of the chest, most often without any precursory ailment, 

but sorietimes after an attack of chills; the stitch is 

often accompanied by pains in the back, shoulders, epi­

gastrium and abdomen, and these pains are described some­

times as oppressive or sticking, sometimes as shooting or 

aching; less fre:uently these pains are felt also in the 

back, neck, legs, arms and even out in the fineers. There 



is considerable difficulty in moving the affected parts, 

especially the chest; therefore, t·.te respiration is 

laborious, sometimes to such an extent that the patient 

feels as if he were to be strangled. Usually the 

general condition is not greatly �ffected. There is as a 

rule some headache, 2norexia and thirst; the bowels 

usually are sluggish. The tongue is generally coated. 

The pulse is normal or a little fre�uent. �nere is seldom 

any cough, so cough does not appear to go with this 

disease. Physical examinrtion of the chest reveals no 

abnormality. 11 

"TheI'e is a great difference in the severity of 

the attack in the various patients. Some have a fairly 

mild attack and have to rest only a very short time; in 

others the attack is so violent that one might expect them 

to die at 2ny minute. In a few of' the most severe cases 

the patierts are thus confined to bed continuously for up 

to fourteen days. ·As a rule the patients have got up and 

walked about just as soon as they have been able to do it. 

A good many of them have had a relapse, some­times 

repeatedlj. No case has terminated fatally. Many of the 

patients are exhausted after the disease, emaciated and 

feeble; sometimes they feel a stitch or stabbing pain now 

and then for several weeks ai'te1". they have been able to 

begin to Ylorl 11•

Howard et al. (51) stated that Finsen in 1874 
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reported having observed epidemics of this nature in 

Iceland in 1856 and 186.3 and was the first to speak of this 

disease as epidemic pleurodynia and that little was heard 

about this disease until 1930 when Sylvest reported on an 

epidemic in Bornholm. Since the disease was so comrnon 

�round the Bornholm Island, the disease has also been 

referred to r-.s Bornholm 1 s disease. Howard et al. {51) also 

sts.ted that Dabney reported on an epidemic of epidem­ic 

plourodynia in Virginia in 1888, and it was one of Dabney 1 s 

patients who dubbed the disease nThe Devil's Grip". 

It was not UJ til 1948 ·when Curnen (22) first 

showed that Group BC viruses were associated with epidem­

ic pleurodynia. In 19� Shaw et al. (39) observed epidem­

ic pleurodynia in laboratory workers and showed a relation­

ship of Group B C viruses. ·Weller et al. (52) in 1950 

stated that they wnre able to isolate G .. 'oup B C viruses 

in a high percentage of stool specimens collected during the 

1947 outbreak of epidemic pleurodynia in Boston. Additional 

descriptions of laboratory infections with Group BC 

viruses, accompanied by symptoms resembling those seen in 

epidemic pleurodynia, have been recorded by Findlay and 

Howard <11-5) in England in 1950. Lazarus et al. (25) 

reported in 10.52 on an outbreak of epidemic pleurodynia in 

1�50 in Washington State with demonstration 
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of the presence of Group BC viruses and evidence of a 

signific nt rise in antibody titer during convalescence. 

Lepine et al. (28) in 1952 reported on the isolation of 

Group BC virus from human muscle biopsies from two patients 

suffering with epidemic pleurodynia. They also stated 

that these biopsies slowed similiar lesions as those seen 

in infected wice with Group B C_viruses and that they 

yielded Group BC virus. Dalldorf (3) stated in 1955 

that orchitis was a common complication with epidemic 

pleurodynia. Nichamin (53) reported in 1952 the difference 

of symptoms seen in children compared to those seen in 

adults with epi• emic pleurodynia. He observed that children 

under  5 years of age seldom complain of head-

ache but usuallJ complain of abdominal pain and that the 

younger the child the more likely the pain would be re­

ferred to the periumbilical region. He also observed 

that epidemic pleurodynia in adults has a mo.ee abrupt 

onset than in children and that fever is not always 

present. He noted th0t rarely a chil0 ex>mplained of 

lower thoracic or upper abdominal pain that are so 

characteristic of the disease in adults and that sub­

sternal ttsmothering 11 sensations are rarely described by 

children. His studies also reveale-d that only occasion­

ally a child will complain of difficulty or pain in 

taking a deep bre�th and that nausea or vomiting have 
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not been prominent syr:iptoms except in insta-nces in 

which persisten�, intractable vomiting prevails. 

2. Aseptic Ileningi tis

In �948 Curnen et al. (54) described 

clinical features of aseptic meningitis or nonparalytic 

poliomyelitis in 10 patients from whom C virus was iso­

lated or vn1ose serum neutralized it. They reported that 

the onset may be gradual or sudden and that fever, nausea, 

abdominal pain, headache, and malaise are conunon early 

prodromal const:..tutional synptoms and that these symptoms 

usually preceded those suggestive of meningeal irritation. 

It was noted that the temperature range-d to a maximum 
0 0 

of 40.3 C with a mean of 39.4 C and usually lasted 1-10

days with a mean of 5.6 days. They observed that the 

febrile course vms occasionally diphasic. 

On physical examination they noted that the 

patients did no"':; appear particularly ill and r'evealed 

only a few objective indications of disease. Hyperemia 

of the pharynx was obsePved by them in some of the patients 

during the acute stage. They also noted positive Brudzinski 

or K rnig signs in most of the patients after the prodromal 

constitutional symptoms and that stiffness of the baclc or 

neck were usually evident which rarely 

,ersisted longer than the fever. They observed that 

signs of musculnr wea.lmess or spasm of the hamstring 
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muscles were equivocal or lacking and that examination 

of the reflexes revealed that they remained norrual. 

On exanining the CSF they noted a pleocytosis 

of leukocytes wl1ich were mainly lymphocytes and that in 

many instances �t did not exceed 100 cells/cm •• They 

noted that the )rotein content of the GSF uas normal or 

only slig' tly e�evated and that the WBC count and differ­

ential were usually within normal limits. 

In the�r studies they noted no complic�tions 

and complete recovery. 

Dalldorf (3) stated that Gsell was the first to 

report in 1949 an association of aseptic meningitis and 

epidemic pleurodyrtia md that the works of Johnson and 

Gard reported in 195�- le-ft little doubt th�,t their 

observations of aseptic meningitis in Sweden were due to 

Group B (Type 3 C virus. Dalldorf (3) also stated that 

Johnson noted that pleurodynia was the co:mm.on symptom of 

adult infection with Group B C  virus and aseptic menincitis 

of children and that Gard postulated that the introduction 

of a Group B C ��1rus into a population with previous 

experience might result in an epidemic of aseptic 

meningitis amonc children while in a nonilmnune population 

adults would also be susceptible, and the epidemic would 

resenble pleurodynia. 

Dalldo-,f ( 3) stated that Gard made the first 
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isolation of Group BC virus from the CSF in 1951 from 

patients with aseptic meningitis and that Gear isolated 

Group BC virus from the nervous tissue of fatal cases 

with aseptic meningitis. Since Humm.eler et al. (55) in 

1954, Ee Leod ec al. (56) in 1956, Beale et al. (57) in 

1956, and other inv""stigators have isolated Gr9up BG 

viruses from the CSF of p 0_tients with aseptic meningitis 

in which no other virus was isolated, thus adding to the 

evidence that G�oup BC viruses are definitely a cause 

of aseptic meningitis. 

Mc Leoc et al. (56) pointed out that E.septic 

meningitis may be caused by norphan 11 
01

., Echo viruses and 

that in the individual case it was not possible to 

dis ti ·:guis:1 bet, ·een a e tic . 1e.-iingi tis C' used by 

Coxsackie Group B, Poliomyelitis, or "Orphan 1
1 viruses. 

Though no cases of death hav0 been associated 

with aseptic meningitis due to Group BC viruses, and 

since they are vridespread, one can readily see that 

these viruses o_�fer a great diagnostic problem in patients 

with aseptic meningitis. 

3. Encephal�tis

In Australia in 1951 Stanley et al. c.:B) 

reported on an outbreak of Encephalitis due to Coxsackie 

Group B Type 3 virus. At first they believed that they 

he.a:· discovered a third group of C virus. The predominant 
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symptoms in this epidemic were fever, headache, stiff neck, 

muscle pains, sore throat, abdominal pain, lassitude, and 

muscle weakness. They noted that sequelae were common 

and consisted of severe headaches, photophobia, nystagmus, 

and dizziness. The majority of the patients were adults, 

and there was a prolonged period of hospitalization. It 

was noted that the signs of encephalitis were not great, 

and Dalldorf (3) believed that this epidemic resembled 

aseptic meningitis rather than epidemic pleurodynia. 

4-. In":;er-sti tual Myocardi tis 

or·much interest is the exact role of 

Group BC viruses in myocarditis of infants. The first 

observations we-re made by Javett et al. (59). They 

observed an outbreak of n�Jocarditis in infants in 

Johannesburg late in 1952. Ten babies became ill while 

in, or soon after discharge from the maternity home in 

Johannesburg in which they were born. Six of these babies 

died �fter an acute fulminating illness lasting 3-8 days 

which ended in circul· tory collapse. T'ney noted that 

the general symptoms we1"e those ,of a severe infection. 

That is, sudden onset, high temperature, cyanosis, dyspnea, 

tachycardia, profound toxemia, and a falling blood pressure. 

In some of the infants they noted that death supervened 

within a few hours of the apparent onset. They observed 

that this epide1rl.c in the newborn babies usually took the 
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form of diarrhea and less commonly of pneU1nonia or 

viremia. The main clinical evidence of nryocarditis 

noted by them w1s tachycardia above 200 beats/min., 

and an abnormal T-1 in the electrocardiogram. They 

heard no heart ;1urmurs, and cardiac enlargement was not 

known until autopsy. 

Post-mortem examination on three of the six 

babies that died showed that the outstanding lesion was 

a patchy myocarditis, nd in one baby examined a focus 

of encephalitis was seen. Bacteriological examination 

revealed no cause for these findings. 

The br Lin tissue of two of these infants yielded 

a Group BC virus as did the feces. This strain was 

identified as T:rpe 3. They stated that Group BC virus 

has been isolated from the heart muscle of a newborn 

infant admitted to the Transvaal Iv1emorial Hos pl tal which 

had signs and s:nnptoms of m:yocarditls th t died soon 

after admission. Histological examination of the heart 

showed a myocariitis like that observed in their studies. 

The myocardi tis seen in these infants '1.earts arc 

not unlike those seen in suckling mice infected with 

Group BC viruses studied by Gifford and Dalldorf (36) 

in 1951. 

Creveld and De Jager (29) in 1955 observed 4 

lethal cases of myocarditis in newborns in a 2 months 
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period of "summ.er grir:pe". Some of the mothers shov1ed 

symptoms of influenza. In all 4 cases at post-mortem, 

they found an interstitual myocarditis. In some of the 

cases they found foci of inflamruation in the liver and 

brain. In one case Group B-�- C vi.eus was isolated from 

the brain and he';.:>t rm.:sc1e. In e.11 the ot'er three cn ses 

a Group B-4 C virus wes isolated from the heart muscle. 

Verlinde et al. (60) reported in 1955 that a fatal 

experimental inf ction resulted in a newborn cynomalgus 

monkey in which a Group B-4 C virus was isolated from 

the brain and heart. A local myositis was observed at 

the site of innoculation, and slight de0eneration of the 

heart muscle vms seen. Ki brick anc Benirschke ( 61) re­

ported in 1956, an intra-uterine infection with a Group 

B-3 C virus in 8n infsnt in whom acute myocarditis and

meningoencephalitis developed. At autopsy a diffuse 

meningencephalitis and myocarditis we�e found. These 

changes rm �e also seen in suckling mice inn.oculated by 

them ,li th the virus. The virus was recovered from t e 

t 1oracic spine.l cord at the autopsy. 

Kibrick and Benirschke (61) pointed out that it 

is now known thft some of the cases of idiopathic myo­

ct>rdi tis are caused by vi.euses. Of much interest in 

their case was the fact tha.t C viruses can pass the 

placental b'rrier thus leading to intra-uterine infections 



with C viruses. As they pointed out, this may help to 

explain some of the unexplained congenital abnormalities 

found in infants. 

In all the investigators cases of interstitual 

myocarditis cited in this section, no other agent or 

agents were isolated that could explain these fatal cases. 

Prior to the identification of interstitual myocarditis, 

Coxsackie virus infection had never been proven to be an 

immediate cause of des.th. 

IX. DIFFE?cEUTIA L DIAC-HOSIS

It wi7 1 be the purpose of this section to 

ac uaint oneseif with some of the entities that may be 

confused with Coxsackie virus infections. 

Aseptic menir.gitis caused by Coxsackie viruses 

may be confused with aseptic meningitis caused by 

Arthropod-borne encephalitis, Infectious lymphocytosis, 

Infectious mononucleosis, Mumps, Lymphocytic chorio­

meningitis, Herpes simplex, Lymphogranuloma venereum, 

Leptospirosis, Nonparalytic poliomyelitis, and f'rom the 

Echo viruses (56,62). The diagnosis in many cases may 

depend of appropriate se �ological tests and in some 

instances on the recovery and identification of the re­

sponsible aeents. The laboratory diagnosis of the 

viruses that may cause aseptic meningitis is at times 

difficult and laborious. In some instances the pctient 
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At times the abcominal pain has been so severe, that some 

physci�ns have operated on these �eople with pleurodynia 

for an acute abdomen. 

In most cases the superficial character of the 

pain, the absence of deep abdominal pain or rectal tender­

ness, the relatively normal leukocyte count, and the 

absence of abnor:nal roentgenologic findings should aid 

in the diagnosis of infection by C vi:;;•us which can be 

established eventually by �ecovery of the virus and 

demonstration of a type-specific antibody response against 

it in the patient 1 s serum (10). 

Herpangina at times may be confused with Herpes 

simplex. The two are usually easily identified by the 

typical lesions that they produce. In differentiation, 

the lesions of Herpes simplex are more commonly, but not 

always, located at mucocutaneous borders while those in 

Herpangina usually appear on the soft palate or buccal 

mucous membrane (l0,46). If the differentiation is not 

possible by that means, they can be identified by iso­

lation and serological methods. 

From tris discussion one can readily see :that 

Coxsackie infections can be confused with many disease 

entities and at times, the diagnosis of the causative 

agent may be extremely difficult or even impossible. 

X. LABORATORY DIAGNOSIS
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For the laboratory diagnosis of Coxsackie viruses, 

a fecal specimen and paired blood specimens should be 

obtained. The first blood specimen should be obtained 

within 3-4 days from the onset of the acute stage, and 

the second specinen 7-10 days after the first specimen 

was obtained. The specimens should be frozen and packed 

in dry ice and then sent to the laboratory as ear-ly as 

possible. At tbe laboratory attempts will be made to: 

1. Isloate the virus; 2. Identify the virus by sero­logical

means; and 3. Demonstrate that the isolated virus 

is involved in the current infection by a concomitant 

rise in antibody titer from the acute to the convalescent 

phase of the disease. 

Rather than report on the vast literatu�e on the 

laboratory diagnosis of Coxsackie viruses, I thought that 

it would be more interesting to outline the labor&tory 

methods used at the Reiharts laboratory at the University 

of Uebl"aska College of Medicine. The following description 

of the laboratory diagnosis of Coxsackie viruses was out­

lined to me by Mrs. O.F. Reihart (33). 

5-10 grams of the frozen stool specimen are

ground in a mortar with sterile alundum until a s�ooth 

emulsion is obtained. To this mixture four volumes of 

Hank's Balance Salt solution, containing a known amount 

of penicillin and gstreotomycin, ar� gradually added. 

These antibiotics are added to reduce b cterial contamination, 

as C viruses, and othe�� viruses a.re res is tent to them. 

38.



This mixture is then further diluted with equal volumes 

of a maintenance media. Tl�e 10cc. mixture is then placed 

in a plasti� container in a high speed refrigerated 

centrifuge and S?un for"½ hour at 19,000 R.P.M •• The 

supernatant mediq is then removed and put into tubes. 

The next proceedure is to take 2 grown out 

monola.yered tisslle culture cell tubes, and to one tube 

is added l ml.     of its specific maintenance media 

(designated tul:)e number 1), and to the other tube is 

added 3:½ ml. of its specific maintenance me�iia. {designated 

tube number 2). The different types of tissue culture 

cells used in•the Reiharts laboratory are He La cells 

and trypsinized human and monkey kidney. cells, _human 

embryo cells, and human amnion cells of the piacenta. They 

have also used trypsinized human skin and uterine cells. 

To tube number 1 is added 0.1 ml. of the 10% 

supernatant media and to tube'number 2 is added 0.5 ml. of 

the 10% supernatant media. These tubes are diluted 

in this way to try to dilute out toxic stools. A control 

tube is also set up which contains the same maintenance 

media and tissue culture cells of the same age and type. 

These tubes are then placed in an incubator and at the end 

of an hour tube no. 2 is removed and observed under the 

microscope for cytotoxic affect from the stools. 

    39



If the cell layer shows no cytotoxic affects, the �e�ia 

is removed and 1 ml. of the fresh specific maintenance 

is then added, and the tube is then placed back into the 

incubator. If tube no. 2 initially shows cytotoxic affects, 

the tube is placed back in the incubator and allowed to 

stand overnight. If the cytotoxic affect from the stool 

is too great, all the culture cells may be destroyed. 

If all the tissue culture cells are not destroyed in 

tube no. 2, 1 ml. of the 1:1edia in this tube is passed 

to a fresh culture tube containing trypsinized human 

kidney cell. The tube is then incubated for_ forty five 

minutes and then again observed for cytotoxic affects. 

If no cytotoxic affects are seen, the tube is returned 

to the incubator; however, if cytotoxic affects are_ seen, 

the niedia is again ehe.nged and then the tube is placed 

in the incubator and observed in less than 45 minutes for 

cytotoxic affects. This proceedure may go on many times 

until the cytotoxic affects of the stools is diluted out. 

When tube no. 2 has severe cytotoxic changes then the 

media 

lost. 

on tube no. 1 must be changed, so the virus is not 

One can see that from these cytotoxic affects from 

toxic stools tha� at times the media must be freouently 

changed, and in some instances transfers must be made to 

fresh tissue culture tubes. If this happens one can see 

how laborious the isolation of these viruses becomes. 
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In some instances the cytotoxic affect may have been so 

severe in both tubes that the tissue culture cells were 

destroyed. When this happens the whole proceedure must 

be repeated from the point where the supernatant fluid 

�as added to the tissue culture cells plus their specific 

maintenance media. If no cytotoxic changes are observed 

or after they are diluted out, the .maintenance media. is· 

changed on the tubes at least every five days or sooner 

if l"l:ecessary. 

It is u�usual to have the virus show up in less 

than 48 hours, a�d at times the virus may not show up 

until 10-14 days after incubation. After the eytot6�ic 

affects have been ruled out, and the tissue culture .cells 

show rounding up, pyknotic changes or fall off, a small 

amount of the me1ia from tubes no. 1 and 2 is removed and 

passed to fresh �issue culture tubes. This is done in 

hope-s of speeding up the reaction of the virus. Whe-n 

½ of the tissue culture cells have fallen off the side 

of tube no. 2, a neutralization test is set up. The media 

from tube no. 2 is serially diluted in accordance with the 

deeree of reaction seen in the culture cells. To these 

sets of se�ial diluted tubes and control tubes 

are added 1/1500cc. of the known antipoliomyelitis serum 

which is diluted 1:20. Type I is added to one set and 

control and the same is done with the other tvm types and 
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a mixture containing all 3 types. The tubes are then 

allowed to stanc at room temperature for one hour. Then 

0.2 cc. of the above serial diluted tubes with their 

antipoliontyelitis serum are added to tissue culture cell 

tubes containin0 o.8 cc. of its specific maintenance media 

and placed in the incubator. The reaction then shows up 

in 2-4 days. If the virus was not a poliom;re.litis virus, 

then a cytopathogenic reaction will be seen in all the 

sets of the tubes. Now½ of a litter of s�ckling mice 

are innoculated intracerebrally with 0.02 cc. of the media_ 

from the tissue culture tubes showing a cytopathogenic 

reaction. The other½ of the lit-ter is innoculated sub­

cutaneously witl 0.05 cc. of the media in the intrascap­

ular fat pad. If C viruses are present, then in 5-7 days 

the suckling mice develop tremors of the head and/or tail, 

ataxia, ·weakness or psralysis, or spastici ty. They also 

are usually dead in 2 weeks after the innoculation. 

Whether the mice are positive or negative, a neutralization 

test is set up gainst the Coxsackie antisera that is 

available. At the present time these are Types B-1, B-2,

B-4, B-5, and A-9.

If no obvious growth was noted in the initial 

tissue culture cell tubes, then four passes to fresh 

tissue culture tubes are tried. All negative stools are 

repeated at least 3 times to help rule out false negatives. 
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Stools that were negative on He La cells are then re­

peated on monkey kidney cells and if negative there, 

they are repeated on human kidney cells. 

If acu�e and convalescent serum from the patient 

have been sent to the laboratory, then neutralization 

and C-F tests are set up in an attempt to demonstrate 

a specific rise in antibodies in the patient's acute 

and convalescent serun from the causative virus. 

Dalldorf (13) pointed out that Coxsackie virus

infection is unique in that it is most easily diagnosed 

by isolation of the virus and that difficulty in isolation 

occurs if both r Group A and B virus are present.· If 

this situation does occur then the Group A virus r.mst be 

neutralized witt type-specific antiserum to afford the 

Group B virus an opportunity to develop, to be recognized, 

and isolated. 

In all, one can readily ascertain how laborious 

and at times how difficult or impossible the isolation 

of the virus may become . 

XI. MUTUALITY � ND COEPARATIVE STUDIES OF COXSACKIE AUD

POLIOI-EYELITIS VIRUSES

It has been known, since the discovery of C 

viruses in 19!1-7 (1) that many of the late SUI!!L'ler enteric 

infections are ntlxed and that Coxsackie and Poliomyelitis 

viruses may occ�r simultaneously in the same patient. 

Numerous investigators have since tried to prove whether 
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or not these two viruses influence one another. It is 

now generally accepted that paralytic poliomyelitis is 

caused by poliomyelitis viruses, but this has not been 

proven so with non-paralytic or abortive poliomyelitis. 

Numerous investigators have reported cases clinically 

diagnosed as non-paralytic poliomyelitis where only a 

Coxsackie virus was isolated. 

Howitt and Nichols (63) were the first to report 

on research studies for mutual effects of the 2 viruses. 

Their studies revealed that Cynomolgus monkeys injected 

by various routes with Group AC viruses were not immune 

to a subsequent intracerebral innoculation with Brunhilde 

or Lansing poliomyelitis viruses. Melnick (11) was unable 

to show interference in mice, monkeys, or chimpanzees 

vn�en mixtures of poliomyelitis and Group BC viruses 

were titrated sirultaneously in them. Dalldorf (64) 

reported that when mice (5-8 days of age) we-re innocu-

·lated intraperitoneally or subcutaneously with Group B

C viruses and then innoculated intracerebrally 4-10 days 

later with the Ltnsing strain of poliomyelitis virus, 

that 45� of the ·nee survived and only 1/5 of them mani­

fested parRlysis in contrast to a paralytic attack rate 

of 97% among the controls. In similiar experiments in 

mice 9-13 days o" age, which are less responsive to C 

virus infections, none of the animals survived and 60% 

4J+. 



became paralyzed. Sulkin et al. (65) and Stanley (66) 

also demonstrated int-erference of poliomyelitis virus 

with Group BC 7iruses of the same nature as that seen 

in Dalldorf 1 s (64) experiments. From these experiments 

it is now generally agreed that the Group AC viruses 

have little interference or an opposite affect on polio­

myelitis viruses in experimental animals and that inter­

ference with poliomyelitis viruses does occur if the 

animals are inf cted several days prior to the innocu­

lation of polionyelitis virus and if Group BC viruses 

are used. Dallctorf (3) stated that Le Bouvier has shown 

interference of Group BC infections on the course of 

poliomyelitis in tissue cultures. This interference 

was not noted with Group AC viruses. This information 

along with the informrtion from experimental animals has 

led many invest!gators to wonder if this interference 

occurs in patients infected with the Group BC viruses 

and poliomyelitis viruses, since Pohjanpelto (14) and 

Dalldorf (3) have pointed out that the types of C viruses 

found in connection with poliomyelitis have for the most 

part belonged to Group A. Also because it is a rare event 

to isolate Grou� BC viruses and poliomyelitis viruses 

from a single stool specimen of a patient suffering from 

poliomyelitis. It has also been observed that when G�oup 

B Coxsackie infections have been prevalent, poliomyelitis 
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has occured inf�e1uent or not al all (3,58). Beale et 

al. (57) reported that they have never isolate Group B 

C viruses from cases of paralytic poliomyelitis. In a 

survey of 484 fecal S)ecimens collected from 282 cases 

of paralytic poliomyelitis and 202 cases of non-paralytic 

poliomyelitis, it was noted that 54 Group A strains were 

isol..,ted from t'1e paralytic cases while the non-paralytic 

cases yielded 22 Group A and 29 Group B strains (3). 

This infrequent finding of Group BC viruses 

along with poliomyelitis viruses nay be due to the relative 

sensitivity of different technics or may be masked by the 

possibility of interferences in the laboratory tests (3). 

In closing this portion of this section, I 

thought that it would be appropriate to quote Dalldorf's 

views on this st.bject. 

11Attention should be directed to the simultaneous 

occurrence of Group B Coxsackie and poliomyelitis viruses_ 

in carriers and patients for an interference, if it occurs 

in man, might be n1ost apparent in the enteric phase of 

the disease where it could lead to a depression of infec­

tivity and carrier rates. This would fit our observation 

that years of high Bornholm and low poliomyelitis incidence 

have frequently been followed by yeHrs of epidemic polio­

myelitis which might be expected if subclinical infection 

and innnunization had been suppressed by the Group B 
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infections. With the newer technios it may prove possible 

to investigate more thoroughly whatever relationships exist 

among the enteric viruses". 

Both Coxsackie and poliomyelitis induce infections 

in man along with specific antibody responses. They occur 

most frequently in the late sunnner and in the fall. Both 

�iruses may occur in t1e same patient, and in the human 

host the viruses may cause apparent or inapparent infection. 

These viruses may also be carried for some length of time 

in the human host. Tney are both resistant to antibiotics 

and many eermicidal agents. Both viruses may be recovered 

from flies and sewage. These are just a few of the many 

sinmlarities t''lat the 2 viruses have and a detailed chart 

has been compiled from the works of Dalldorf (13) and 

Melnick (67). 

See Chart i for these details. 



CHART 1 (13,67) 
(COMPARATIVE STUDIES) 

Virus Properties 

No. of Known Im.murological Types 

Resistant To: 
Ether 
Penicillin 
Streptomycin 
Chloronrycetir... 
Phenol and p: changes 

Heat Inactivation (Aqueous Medium 
for 30 Minutes) 

Survival at Room Temp. and Frozen 
State for Days 

Sedimentation Constant 
(Svedberg Units, s20) 

Filtration Diameter 

Experimental Disease 

Eouse: 
Susceptibility: 

Virus Titer 1· Newborn 
Virus Titer ir. Adults 
Virus Distrib1.tion 

Chief Lesion 

][onkey: Cynomolgus 

Antibodies afte::.' Feeding VL:•us: 

Chimpanzee after Feeding Virus: 
Apparent DiseasJ 

Viremia 
Pharyngeal Carrier 
Intestinal narriP.r 

48. 

Polio. Virus 

3 

Yes 
Yes 
Yes 
Yes 
Yes 

0 

50-55 C

Yes

120

8-17mu

Y-SK 10-1.5
10-3.6

CNS 

Myelitis 

Myelitis with 
Paralysis 

Yes 

No 
(0cc. Yes) 

? 
'? 

Yes 

C Virus 

2i1 

Yes 
Yes 
Yes 
Yes 
Yes 

0 

60 C 

Yes 

120 

15-23mu

10-5-10-8
0-10-3

Huscle,CNS, 
Feces,Blood 

Etc. 
Myositis 

Fevei-•, 
Pharyngeal, 
and Intest. 
Carriers 

Yes 

No 

Yes 
Yes 
Yes 



CO TTI!'J.,1JENCE OF CHART 1 

Experimental Disease 

Early antibody .lise 
Homotypic Innnunity 
Heterotypic Susceptib_lity 

Chick Embryo 

Tissue Culture (Human,Monkey, 
He La Cells, anc Mouse Embryo) 

Interference with Polio. Virus 
Interferenc� with C Virus 

Natural Disease iI Man 

Incidence 

Virus in Throat and Stools 
Persists Longer in Stools than 
Throat 

Neutralizing Antil:odles Present 
(Early-At Onset of Disease) 

C-F Antibodies

Clinical Features: 
Fatalities 
Paralysis 
Pleocytosis in CSF 

Polio. Virus 

Yes 
Yes 
Yes 

No 

Yes 

No 

Common 

Yes 
Yes 

Yes 

Yes 

Yes 
Yes 
Yes 
Yes 

C Virus 

Yes 
Yes 
Yes 

Ho 

Yes 

Co:mmon 

Yes 
Yes 

Yes 

Yes 

Yes 

Yes 
Yes Stiff Neck and Back 

Chest and Ab"omlnal pain 
___;�-=-------------------_::;..,-----

No Yes 

Epidemiological Fr.ctors 

Family outbreaks 

Late Su.rr.mer and Frll Disease 

Virus Found in Sewage and Flies 

More Common in Children 

Antibodies in Norr .al Garnna Globulin 
and in rormal Sera 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 



XII. SUMMARY

CoxsPckie viruses are world wide in distribution 

and are a cor:mon cause of disease in man. Infections with 

C viruses occur chiefly in ci1.ildren although infections may 

occur in other ace groups. The C viruses are small in size 

and extremely resistant to antibiotics, pH changes, and 

most germicidals. Infection with C viruses occurs chiefly 

in the late sumrer and fall. In these respects C viruses 

are like poliomyelitis viruses. It is postulated that C 

viruses are spread lile other enteric viruses, and familial 

infections are common with this virus. Active and passive 

immunity occur with these viruses, but the duration of the 

immunity is not known. Coxsackie viruses are unique in 

that they produce lesions, paralysis, and death in suckling 

mice and that tley are identified most easily by isolation. 

The exact patho
c:

enesis in man is unknown. 

Coxsackie viruses are capable of causing Herpangina, 

Bornholm 1 s disease, Aseptic :�eningi tis, Encephalitis, and 

Interstitual Hyocarditis in humans. Until the last few 

years, no deaths due to C viruses were reported. It is 

now known that fatal Interstitual idyocarditis may occur in 

infants infected with Group BC viruses. Since most 

infections with C viruses are SAlf-limited and complete 

recovery occurs, their importance is not so nmch the disease 

itself, but the diagnostic problem that they present. 
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It has been postulated that C viruses may produce 

interference with poliomyelitis viruses, since it is a

rare occasion when Group BC viruses and poliomyelitis 

viruses can be isolated from the se..me stool of a pntient 

suffering from poliomyelitis. It has also been observed 

that epidemics of poliomyelitis are infrequent or absent 

when epidemics of Group B infections are present • 

.. ith the modern day use of 211tibiotics more and 

more cases of unexplained infections are arising. 

Probably a good share of these unexplained infections are 

caused by viruses. At present we have many antibacterial 

drugs but no satisfactory antiviral drugs. It is my 

belief that the �ewer tissue culture methods will reveal 

many unknown aspects of C viruses as well as other viruses, 

thus opening up a new field of medicine that will help 

explain many diseases that a-t the present are unexplained. 
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