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Pathology of noninflammatory acute flaccid paralysis in Mexico: 

similarities and contrasts with recent cases studied in China 
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RESUMEN 

Hace 30 años Ramos-Aivarez y cols. describieron los cambios neuropatológicos en niños mexicanos con parálisis fláccida que 
fallecieron en la ciudad de México. Estudiamos nuevamente los tejidos impregnados en parafina de 17 de esos casos para compararlos 
con preparaciones de materia l de autopsia de 14 casos clínicos similares del norte de China. Cinco de los casos mexicanos y cuatro de 
los chinos mostraron cambios característicos inflamatorios-desmielinizantes que se han descrito desde hace mucho en la forma clásica 
de GBS. Los demás casos (12 mexicanos y diez chinos) mostraron fundamentalmente degeneración de los cilindroejes de distribución 
sólo motora o motora-sensorial. No hubo cambios inflamatorios o fueron mínimos. La mayor parte de los cambios de las células de los 
cuernos anteriores fueron de naturaleza cromatolitica, pero siete casos (cinco mexicanos y dos chinos, de los cuales uno era 
inflamatorio) sólo mostraron núcleos contraídos en las células de los cuernos anteriores. Haciendo un balance, los cambios 
neuropatológicos en el material chino y el mexicano fueron paralelos y llamativamente similares. 
Palabras clave: Parálisis fláccida, cambios neuropatológicos, cambios inflamatorios-desmielinizantes, núcleos de los cuernos anterio
res, croma tol iticos . 

ABSTRACT 

Thirty years ago, Ramos-Aivarez and colleagues described the neuropathological changes in children dying with acule flaccid paralysis 
in Mexico City, with emphasis on 25 non-polio cases. We restudied the paraffin-embedded tissues from 17 of those cases lo compare 
them with paraffin-embedded autopsy material from 14 recen! similar clinical cases from northern China. Five Mexican and four Chinese 
cases exhibited characteristi c inflammatory-demyelinating changes long associated with that classical form of Guillain-Barré syndrome. 
The remainder (12 Mexican and 1 O Chinese) showed predominan! axonal degeneration, either motor only or motor-sensory in distribution. 
Minimal to no inflammatory changes were present. A majority of the anterior horn cell changes were chromatolytic in nature, but seven 
cases (five Mexican and two Ch inese, of which one was inflammatory) exhibited only shrunken anterior horn cell nuclei. On balance, the 
neuropathological changes in the Chinese and the Mexican material were parallel and strinkingly similar. 
Key words : Flaccid paralysis, neuropathological changes. inflammatory-demyelinating changes, anterior horn cell nuclei, chromatolytic. 
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I
n 1969, Ramos-Alvarcz, Bessudo and Sabin 
described the neuropa thological fi..ndings in 25 
fatal childhood non-polio cases of acutc flaccid 
paralysis (AFP) in Mexico City 1 Ten had the 

clinical and pathological charac teristics of typical acute 
inflammatory demyelinating polyneuropathy (AIDP) 
with rnild or none chromatolytic changes in the anterior 
horn cells 2, the predomi..nant form of the Guillain-Barré 
syndrome (GBS) in the United Sta tes, Europc, Canada 
and Australia, both thcn and now. The other 15 cases 
wcre distinguished pathologically from AIDP beca use 
of the absence of inflanuna tion ami demyelina tion, and 
beca use of prominent changes i..n the anterior horn cclls. 
Thosc motor neuron changes were divided into two 
pattcrns, a "cytoplasmic" pattern characterized b y 
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severe chromatolysis anda "nuclear" pattern in which 
the n eurons lacked ch romatolysis but the nuclei 
appeared densely s tained , irregular in outline, and 
surro unded by a Nissl-free halo 1. 

Recently, forms of the Guillain-Barré syndrome that 
are denominated by axonal degenera tion with only 
mínima! evidence of inflammation or demyelination 
ha ve b ecn described . The most ex tensive shldies of the 
pathology of these axonal forms has been conducted 
on cases from northern China 3

• These cases were 
divided into a predominantly motor pattern, acute 
motor axonal neuropathy (AMAN), and acute motor
sensor y axonal neuropathy (AMSAN), in which 
sensory fibers are also affected H _ The AMAN cases 
are ch arac terized by acute fl accid paralysis, by no 
sensory i.nvolvement, and frequently by albumino
cytological dissociation in the cerebros pina! fluid, wi.th 
n o con current fev er of other systemic symptoms. 
Electrophysiologic studies in AMAN are marked by 
progressi ve red uction in compound motor action 
potcntials with preserved conduction velocities and 
sensory n erve action potentials 5·

7
. Pathologically, in 

the acute phases of the illness AMAN is characterized 
by motor fiber degenera tion of widely variable severity 
and by little or no dem yelina tion, inflammation, or 
dorsa l roo t in vol vement 3A. 

The AMSAN cases have similar spinal fluid 
changes, bu t the clinica l, elec trodiagnostic and 
ncuropathologic findings include dorsal roo t and 
sensory ne rve involvement 8· 10 

The close re lationship be tw een these axonal 
patterns is suggested by cases tha t appear to represent 
a transition between AMAN and AMSAN, with much 
more severe ven tral than dorsal root involvement 10

• 

Both AMAN and AMSAN are dosel y associated with 
anteced ent Campylobacter infec tion 7

. 

Observation of the Chinesc cases dominated by 
axonal degeneration renewed interest in the Mexican 
report 1 and raised questions about thc similarities or 
differen ces of the Chinese cases with the Mexican cases. 
This stud y was undertaken to compare the earlier 
Mexican cases to the recent autopsy series of non-polio 
acute fl accid paralysis cases for northern China 3

• 

Original paraffin blocks from the Mexico City series 
of Ramos-Alvarez and colleagues were recut and 
s tudie d b y immunocytoch emi ca l techniques in 
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Baltirnore, and paraffin blocks of the Chinese cases were 
stained in Mexico City, using the same sil ver and Nissl 
tecluüques applied to the original Mexican cases. A 
grea ter variety of pathological approaches has been 
possible with the post-mortem tissue from northern 
China 3-6•

11
, including teased nerve fiber studies, electron 

microscopy, and immunopathological studies. For the 
purposes of this comparative study, we limited the 
scope to those standard histological techniques and 
immunocytochemical techniques that could be carried 
out with paraffin-embedded material. 

METHODS 

A total of 31 cases fulfilling the clinical criteria for the 
d iagnosis of GBS were studied, 17 from Mexico and 14 
from the Second Teaching Hospital of the Hebei Medica! 
College in Shijiazhuan, People's Republic of China. 
Archiva! paraffin-embedded tissue from most ofthe 
Mexican cases was extensive, usually including severa! 
levels of spinal cord with ventral and dorsal spinal 
roots, and peripheral nerves. Spi..nal cord blocks from 
11 of the Chinese cases were sent to Mexico City and 
sections were stained by the same techniques used in 
the original Mexican se ries . The s tains included 
hema toxylin and e os in, Bodian sil ve r alone and 
combined with luxo! fast blue and N issl 1 The same 
stai.ns were used on the peripheral nerves and spinal 
roots in Mexico City. In Baltimore similar sections were 
s tained with hematoxylin and cosin and with a 
combined Namenko-Feigin silver, luxol fast blue, and 
periodic acid schiff (PAS) stain . In both sets of tissue it 
was possible to make an es tímate of the extent of 
demyelina tion and of Wallerian-like degenera tion in 
the spinal roots and nerves. In the Chinese tissue, it 
was poss ible in addition to confirm the cellular 
pathology identified on the paraffine sections by means 
of teased fiber prepa rations, plastic sections and 
elec tron microscopy. 

From re-embedded and recut paraffine blocks 
prepared from the 17 cases from Mexico City, as well as 
the Chinese cases, 6-micron paraffine sections were 
immunostained for the extent of lymphocytic and 
macrophage infiltration. For immunocytochemistry 12 

sections vvere ri.nsed in phosphate-buffered saline 
(PBS) at pH 7.4, treated with hydrogen peroxide to block 
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filtered 2,3-diaminobenzedine (DAR) (Polysciense) 
with hydrogen peroxide. The immunocytochemical 
stains included monoclonal antibody techniques for 
lymphocyties (CD45) and for macrophages (HAM56). 

Overview 

The Mexiórn cases did not differ from the Chinese cases 
significantly in duration of symptoms prior to death 
(Table 1 ). The median age of Chinese cases was 14 years 
compared to 3 years in the Mexican series . The 
pathological classification of the cases is presented in 
table l. AIDP was judged to be the dominant process in 
five of the 17 cases from Mexico, in accordance with 
the original report, and in four of 14 cases from northern 
China. Axonal degeneration without inflammation or 
detectable demyelination dominated in 12 of the 
Mexican cases and ten of the Chinese cases. 

Pathological findings in the nondemyelinating cases 

Changes ín roots and nerves. Extensive ongoing axonal 
degeneration of the ventral roots with sparing of the 
dorsal roots was present in three of the Mexican cases 
(Figure lA) and three of Chinese cases. Four of the 
Chinese cases had minimal axonal changes that could 
be detected only by teased fibers and by electron 
microcopy 3

•
4

. The remainder (three Chinese and nine 
Mexican) of the cases demonstrated varying degrees of 
axonal degeneration in sensory fibers (dorsal roots), in 
addition to motor axonal involvement. In cases surviving 
more than 10 days, secondary tract degeneration in the 
dorsal columns was apparent. None of these cases had 
lymphocytic infiltrates in the roots, nerves, or in the 
spinal cord, but all had macrophage infiltra tes (Figure 
lB). The macrophage infiltra tes in the spinal roots and 
nerves were restricted to the regions of ongoing axonal 
degeneration, whether motor or sensory. 

In both the Mexican and the seven more severely 
affected Chinese cases, the hallmark feature was 
extensive degeneration of motor fibers beyond the roots 
exit zone. In most cases, the intraparenchymal motor 
fibers were normal, but occasionally appeared swollen 
(Figure lC). Within the limits of paraffin histology, 
demyelination was absent or minimal in both the 
Chinese and Mexican materiaL In the combined sil ver 
stains, intact axons without myeline sheaths were not 
seen, although in regions in which fixation was 
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inadequate the artifactual changes in the myeline 
sheath often precluded detailed assessment. 

Generally, the stage of axonal degeneration in the 
ventral roots was more advanced than that observed 
more distally in the peripheral nerves. In sorne cases in 
which death occurred within two or three days from 
onset of neurological symptoms, early degeneration was 
visible only in the roots (Figure lD). One case hada 
different distribution of fiber degeneration, in which 
the ventral roots were relatively spared with only 
occasional degenerating fibers, but there was 

FIG.1 

Figure 1. Lumbar spinal cord from a Mexican patient with non
inflammatory acule flaccid paralysis. The motor nerve cell changes 
in this case corresponded to those previously described by Ra
mos-Aivarez et al as cytoplasmic neuronopathy. Note that the 
dorsal roots (DR) have normal staining in this luxol fast blue -silver 
stain, but the ventral roots (VR) show marked loss of nerve fibers . 
At a higher power, the dorsal root (B) confirms the normal 
appearance of myelinated nerve fibers. In the ventral root there 
are, by immunostaining for CD68, numerous macrophages . 
However, immunostains for lymphocytes (LU3) in panel O show 
only in rare cells within blood vessels. In panel E, at higher power 
there is loss and ongoing swelling and degeneration of the silver 
positive axons, reflecting ongoing Wallerian-like degeneration. 

171 



Hafer-Macko C, el al. 

H&E NISSL BODIAN 
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Figure 2. Motor neurons from fatal cases of paralytic diseases and from a case without paralysis in Mexico, stained with hematoxylin 
and eosin, Nissl and Bodian activated silver. In the category designated Landry-Guillain-Barré (L.GB). There are mild chromatolytic 
features. In the category designated cytoplasmic neuronopathy the anterior horn cells disclose a severe chromatolysis with a centrally 
located normal-looking nucleus and a large perikarya. In the category designated nuclear neuronopathy the cells show a dark nucleus 
with an irregular nuclear membrane and no chromatolysis. 

prominent axonal degeneration in the sciatic nerve 
(Chinese case 8). 

Changes in motor neurons 

Prominent changes were noted in the anterior hom cells 
of both the Mexican and the Chinese cases with 
predominant axonal degeneration. Although the amount 
of spinal cord tissue available for study in the Chinese 
cases was not as extensive as in the Mexican material, 

172 

the nature and extent of anterior hom cell changes were 
comparable. In the cases showing chromatolytic change 
(" cytoplasmic neuronopathy") in the original Mexican 
publication 1

, both Chinese (five cases) and Mexican 
(seven cases), perikareya were swollen to twice the 
expected size, Nissl bodies were dispersed, but nuclei 
almost always remained centrally placed. 

Five Mexican cases and one Chinese axonal case 
exhibited contracted, irregular, densely staining nuclei 
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with a surrounding clear halo (nuclear neuronopathy). 
This change was most readily recognized with the 
Bodian stain, although it was also ev ident on 
hematoxylin and eosin stain. None of these nuclear cases 
had chromatolytic changes in other anterior horn cells. 

Patterns of cellular reaction 

As noted, lymphocytic infiltration was rare in the axonal 
patterns. The presence of occasionallymphocytes within 
the lumen of endoneural vessels indicated that the 
immunocytochemical reactions were technically 
sa tisfactory. Perivascular cuffs were not seen, and only 
rare lymphocytes were present withil1 the endoneural 
space. The numbers of endoneurallymphocytes were 
scanty in both early and late nondemyelinatil•g cases 
compared to the demyelmatil•g cases. 

In contrast, there was intense immw•ostainil•g for 
macrophages il1 both Mexican and Chinese material 
with a e ti ve nerve fiber degenera tion (Figure 1 C.) macro
phages were evidente ven m cases dying two or three 
days after onset of neurological symptoms, but they 
were much more numerous in la ter cases. Macrophage 
infiltrates were similar in cases showing neuronal 
nuclear changes as well as those showil1g chroma
tolytic changes. In combined LFB-HAM 56 stains, so me 
macrophages were seen in cross-section to be encircled 
tightly by myeline sheaths. By electron microscopy, in 
the Chinese material, such macrophages were shown 
to be frequent and were localized within the internodal 
periaxonal space 3

A·
10

. 

Pathological findings in the inflammatory 

demyelinating cases 

Five of the Mexican cases and three Chinese cases 
demonstrated demyelination of nerves and roots 
with readily appreciated lymphocytic infiltration in 
perivascular and diffuse dis tributions, and with 
large numbers of activated macrophages in the 
endoneural space between n erve fibers (Figure lE). 
We considered these cases to be typical of AIDP 2. As 
previously noted, the d eg ree of lymphocytic 
infiltration varied, but lymphocytes were generally 
presen t, e ven in the cases with the longest in ter vals 
between onset and death. Chromatolysis was present 
in many of these cases, but was relatively mild, 
affected a minority of the anterior horn cells, and 
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exhibited an eccentrically placed neuronal nucleus 
in many instances. In one Chinese case (case 7), 
anterior horn cells manifested only contracted, 
dense! y staining, irregular nuclei with a clear halo, 
designated as nuclear neuronopathy. 

DISCUSSION 

We restudied the autopsy neuropathological material 
from fatal non-polio cases of acute flaccid paralysis i..J1 
Mexico City, and compared it to similarly prepared 
autopsy neuropathological material from fatal cases of 
clinical Guillam-Barré syndrome (GBS) il1 northern 
Chma. The pathological material from both the Mexican 
and the Chmeses fatal cases separated clearly mto two 
major categories, i.e., cases with inflammatory 
d emyelination and cases with non-inflamma tory 
axonal degeneration. The i.nflammatory demyelinatil1g 
cases in both the Mexican and Chinese material were 
typical acute inflammatory demyelinatil1 polyneuro
pa thy type of Guillain-Barré syndrome 2

• In the 
non-inflammatory axonal degeneration cases the 
peripheral nerves and the anterior horn cell changes 
were similar il1 the Mexican and the Chmese material. 

Increasingly, it is recognized that GBS includes 
severa! related syndromes, all of which fit beneath the 
umbrella of the diagnostic criteria, but which differ from 
each other not only in sorne clmical features, but also 
by pathological and electrodiagnostic features. 

The present results confirm two central aspects of 
the previous description of the Mexican series by 
Ramos-Alvarez, Bessudo and Sabin 1

: the absence of 
lymphocytic infiltration in the spmal cord, peripheral 
nerves, or roots; and the promi..J1ence of anterior horn 
cell changes. Further, this study extends the origmal 
report 1 by characterizing the extensive axonal 
degeneration il1 the PNS of the Mexican cases. The 
combil1ation of sil ver stai..J1s coupled with macrophage 
markers pro vide a sensitive means of assessing ongoil1g 
Wallerian-like degeneration. Most of the nonde
myelinating Mexican cases had extensive axonal 
degenera tion of the ventral roots and motor nerves. Over 
half a lso had dorsal root and sensory nerve 
involvement, although usually not as severe as the 
ventral root mvolvement. The degeneration of motor 
fibers was often visible just outside the spinal cord in 
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the ven tral root exit zone; this was true for the mos t 
severe Mexican and Chinese cases. Occasionally, the 
intrapa renchym al motor ax on s showed axonal 
swelling. 

Four Chinese cases exhibited only minimal 
pathologic changes by paraffine histology, despite 
severe paralysis leading to their demise. Extensive 
studies of the Chinese cases, using high-resolution 
techniqu es and reported elsewhere 3,

1
, revealed a 

sequence of pathologic and immunopatholog ic 
changes not visible in these paraffine sections that led 
to their classification as mild or ea rly AMAN. 

Anterior horn cell changes 

Most of the predomi..nantly axonal cases from both 
Mexico and China had perikaryal enlargement and 
dispersion of Nissl. These cases, termed "cytoplasmic 
neuronopathy" by Ramos-Alvarez et al\ conform in 
general to the fea tures of severe chromatolysis. 
Compared to the AIDP cases, the chromatolysis was 
much more prominent. A former distinction from AIDP, 
at present unexplained, is that in the axonal cytoplas
mic cases the nucleus was centrally located in the cell 
body, whereas in the AIDP cases with chromatolysis 
the nucleus was often eccentric, the usual finding in 
chromatolysis. In any event, we think it likely that the 
changes in the axonal cases occurred in response to a 
primary injury to the axon. Ram os-Alvarez et al 1 

suggested that the perikaryal changes might reflect 
pri..mary injury to the nerve cell bod y. We cannot ex elude 
the possibility that in the axonal cases these perikaryal 
changes can reflectan imrnune-mediated attack on the 
motor neuron soma as well as the axon. If so, it seems 
likely to be antibody-mediated, given the lack of 
inflamma tion in the ventral horn. 

The second group of cases, termed "nuclear nem·o
nopathy" by Ramos-Alvarez et al 1

, was distinguished 
by irregular intensively argyrophilic nuclei in vas t 
majori ty of neurons with little or no chromatoly tic 
response. Such anterior horn changes were seen in two 
of the Chinese series, one with AIDP and one with only 
axonal abnormalities. The significance of this nuclear 
change is unknown. 

In briet thi s compa rati ve s tu dy u sin g well
established paraffin histological approaches to study 
recen t autopsy material from Ch ina and Mexican 
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material from clinically similar cases from 30 years ago 
shows s triking similaritie s pa thologically and 
relatively modest differences. We tentatively conclude 
that most, if not alt CJ·ünese cases of acute flaccid 
paralysis without inflammatory demyelination and 
classified as AMAN or AMSAN in 1995 are the same 
as the Mexican cases classified by Ramos-Alvarez et al 
1 as" cytoplasmic or nuclear neuronopathies" in 1968. 

REFERENCES 

1. Ramos-Aivarez M, Bessudo L, Sabin A. Paralytic syndrome 
associated with noninflammatory cytoplasmic or nuclear 
neuronopathy: acule paralytic disease in Mexican children, 
neuropathologically distinguishable from Landry-Guillain
Barré syndrome. JAMA 1969;207:1481 -92 

2. Asbury AK, Arnason BG, Adams RD. The inflammatory les ion 
in idiopathic polyneuritis. Medicine 1969;48:173-215 

3. Griffin JW, Li CY, No TW, Xue P, Macko C, Cornblath DR, Gao 
CY, Yang C, Tian M, Mishu B, et al. Guill ain-Barré syndrome in 
northern China: The spectrum of neuropathologic changes in 
clinically defined cases. Brain 1995:11 8:577-95 

4. Griffin JW, Li CY, Macko C, Ho Tw, Hsieh ST, Xue P, Wang FA, 
Cornblath DR, McKhann GM, Asbury AK. Early nodal changes 
in the acule motor axonal neuropathy pattern of the Guillain
Barré syndrome. J Neurocytol 1996;25:33-51 

5. McKhann GM, Cornblath DR, Griffin JW, Ho TW, Li CY, Jiang 
Z, Wu HS, Zhaori G, Liu Y, You LP, et al. Acule motor axonal 
neuropathy: A frequent cause of acule flaccid paralysis in 
China. Ann Neurol 1996;33:333-42 

6. Hafer-Macko C, Hsieh ST, Li CY, Ho TW, Sheikh KA, Cornblath 
DR, Mckhann GM , Asbury AK, Griffin JW. Acule motor axonal 
neuropathy: an antibody-mediated attack on axolemma . Ann 
Neurol 1996;40:635-44 

7. Ho TW, Mishu B, Li CY, Gao CY, Cornblath DR, Griffin JW, 
Asbury AK, Blaser MJ, McKhann GM. Guillain-Barré syndrome 
in northern China: Relationship to Campylobacter jejuni 
infection and anti-glycolipid antibodies . Brain 1995; 11 8:597-
605 

8. Feasby TE , Hahn AF, Brown WF, Bolton CF, Gilbert JJ, 
Koopman WJ . Severe axonal degeneration in acule Guillain
Barré syndrome: evidence of two different mechanisms? J 
N e u rol Sci 1993; 116:185-92 

9. Feasby TE, Gilbert JJ , Brown WF, et al. An acule axonal form 
of Guillain-Barré polyneuropathy. Brain 1986:109:1115-26 

10. Griffin JW, Li CY, Ho TW, Tian M, Gao CY, Xue P, Mishu B, 
Cornblath DR, Macko C, McKhann GM, et al. Pathology of the 
motor-sensory axonal Guillain-Barré syndrome. Ann Neurol 
1996;39:17-28 

11. Hafer-Macko C, Sheikh KA, Li CY, Ho TW, Cornblath DR, 
McKhann GM, Asbury AK, Griffin JW. lmmune attack on the 
Schwann cell surface in acule inflammatory demyelinating 
polyneuropathy. Ann Neurol 1996;39:625-35 

12. Hsu SM, Raine L, Fanger H. Use of avidin-biotin-peroxidase 
complex (AB C) in immunoperoxidase techniques: A 
comparison between ABC and unlabeled antibody (PAP) 
procedures. J Histochem Cytochem 1981 ;29:577-80 

Acta Pediátrica de México Vol umen 25, Nllm. 3 , mayo-j unio, 2004 


