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IN THREE PATIENTS WITH LEPTOSPIROSIS, IMPROVEMENT OF CLINICAL SYMPTOMS WAS

CLOSELY ASSOCIATED WITH THE APPEARANCE OF AGGLUTINATING, COMPLEMENT-FIXING, AND

HEMOLYTiC ANTIBODIES IN THE CIRCULATION. ELEVATIONS IN THE SERUM CONCENIRATIONS Or

loG, Isis. AND 1GQM WERE ALSO DEMONSTRATED. IN ONE PATIENT, RECURRENCE Or FEVER AND

MENINGITIS DURING THE IMMUNE PHASE COINCIDED WITH THE APPEARANCE OF AGGLUTININ& AND

'NCREASES IN THE LEVELS Or ALL THREE IMMUNOGLOSULINS IN THE SPINAL FLUID. ULTRACEN-

TRIFUGATION or immu~~e SERA IN SUCROSCOENSITY GRADIENTS SHOWED THAT IGM WAS THE

PREDC4MINANT 1IMMUNOGLOGULIN INVOLVED IN THE AGGLUTINATION, COMPLEMENT-FIXATION, AND

MEMOLYTIC TESTS. ALTHOUGH AIIIT4BOOIES ARE IMPORTANT IN THE DEVELOPMENT Of IMMUNITY

DURING THE SEPTICENIC PHASE, ITS ROLE IN THE PATHOGENESIS OF CLINICAL SYMPTOMS

DURING THE IMMUNE PHASE It STILL UjNCLEAR.
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I'MMUNOLOGICAL RESPONSE IN LEPTOSPIROSIS*

REPORT OF THREE CASES

MYRON J. TONGJt EUGENE B. ROSENBERG,$
BERNHARD) A. VOTTER1,§ AND CH-E-CHUNG TSAHI

U.S.Naval Medical Research Unit No. 2 Detachment and the Department
of Medicine, Naval Snpporl .1 U vitv Hospital, JjaNang, Republic of Vietnamt

A13STRACT: In three patients with leptospirosis. improvement of clinical symptoms was
closely associated with the appearance of agglutinating. complement -fixing. and hemnolytic
antibodies in the circulation. Elevations in the serum concentrations of IgG. IgA. and IgM
were al .o demonstrated. In one patient, recurrence of fever and meningitis during the
immune phase coincided with the appearance of agglutinins and increases in the levels of all
three immunoglobulins in the spinal fluid. Ultracentrifugation of immune sera in sucrose-
density gradients showed that Ig.\ was the predominant immunoglobulin involved in the
agglutination. complement-fixation. and hemolytic tests. Although antibodies are important
in the dlevelopiment of immunity during the septicemic phase. its role in the pathogenesis of
clinical svmptoms dluring the immune phase is still unclear.

(.lcceptedl 1 Februarv 1971)

Leptospirosis. a disease endemic in most parts leptospiremia. and improvement of clinical symp-
of Southeast Asia. has recently been recognized toms is closely associated with the appearance
ais an imiratcause of febrile illnesses in of serologicallydtcalanioes 2 Aern
American military personnel assigned to these asymptomnatic period of I to 3 days. the onset of
a reas.' Tlhe availability of improved laboratory the secondary or " immune"* phase may be her-
facilities for isolation and serological identifica- alded by the recurrence of fever, meningitis, and

tion of the infecting agents as well as early clinical neurological abnormalities. These symptoms have

recognition have allowed further studies into the been regarded as immunological responses of the

piathogenesis of many important atspects ofthis host to infection and may he mediated by antigen-

(1iscd5C. antibody reactions." This study demonstrates

Leptospirosis is often chrceiedb i the immunoglobulin response and the piroduction
cnarctcrzeu ~ '~ of agglutinating, complement-fixing, and hemo-

pihasic clinical course. Tfhe manifestations of the lytic antibodies during the septicernic and immune
primary or "septicemnic" phase is attributed to [)hases of leptospirosis.

This study wa,;s supportedi through funds provided MATERIALS AND METHODS
h.% t he Bureau of Medicine and Suraery. Navy D~e-
pairtmerit. Work Unit No. M430 '5.06 3030A. The opin- patients admitted to the Naval Support Activity
ions or assertions contained herein are those of the Hospital. Da~ang, Republic (of Vietnam. with
authors and are not to be construedt as official or symptoms of fever, headache. myalgia. conjunc-
reftectina tht. views of the Nay epartment or the
Naval Service at large. Naytival suffusion, and who were suspected of having

Requests foer rt-prints should he addressed to Put)- leptospirosis were selected for study. Trhese lab-
lications Editor. N AMRt.-2. B~ox 14, A~PO San Fran- oratory tests were pierformed on admission and
ii~co. california 906203. on the 10th to 11th and 20th to 21st days of

' Lo, Aniate (ouv-S( Medical Center. Los hoptlzto: emociwtebodel

I L~eft-. C'ali fornia lioo hsitalizaticoun: wihdfen entocitl. wrvhite v blodi-cl
lmmunolouN Branch. National Cancer Institute. WC cutwt ifrnil rtrct ei

National ln'titutus totf halth, Bethesda, Marvlaint mentation rate (Wintrobe method). bilirubin.
200 14. serum glutamic oxalacetic transaminase (SGOT i

,5 IDejartrnirif oif .Medicine. WVadswcorth Veterans' serum glutarniic pyruvic transaminase (SGPT

AdiitaiD-optl o nee.Clfri alkaline phosphatase i odansky method i. serum-
" t S Na~ il Nlvdital Kce-iarch Unit No. 2. Taipe~i. protein dcl t rophoresis. VI)RL, blood urea nitro-
ron gen. creatinine. atnd urinalysis. Serum IgA (normal

625



626 TONG, ROSENBERG, VOTTERI, AND TSAI

value 151 mg%• ± 76). IgG 1 1.073 mg% ± 273). He had generalized muscle tenderness of the back
1gM (94 mg%- ± 47). and the C'3 component and abdomen and complained of severe pain on
of complement 1 166 mg% ± 60) were measured palpation of the muscles of the lower extremities.
in Hyland Immunoplates by the radial immuno- especially the gastrocnemii. The remainder of the
diffusion technique.'; Immunoglobulins were also physical examination was normal.
measured in the cerebrospinal fluid (CSF). The Laboratory data on admission revealed a hema-
normal range for IgG in the CSF is 0.8% to tocrit of 43%, corrected erythrocyte sedimenta-
3.5 ing7( ; IgA and 1gM are not usually detected.- tion rate of 36 mm per hour, and a WBC count
Blood. urine, and CSF were inoculated into of 8.000 mm:1 with 83% polymorphonuclear neu-
Fletcher's media for leptospiral culture.' The trophils. 8% band forms. 6% lymphocytes, and
microagglutination. complement-fixation, and he- 3% monocytes. Urinalysis showed a specific
molytic tests for leptospirosis were performed gravity of 1.020, pH 5.0. 20 mg% protein, and
according to the methods described.'"' Sera oh- microscopic hematuria. The total blirubin was
tained from patient Number 1 on the 3rd. 12th, 2.7 mrg% with a direct fraction of 0.4 mrg%. SGOT
and 21st days of illness were subjected to ultra- 92 units, prothrombin time 84%, and Lee White
centrifugation at 35.000 rpm (85.000 x G) for clotting time 18 minutes and 30 seconds. Total
is hours in a 10% to 40% sucrose-density gradi- serum protein was 6.3 g, with albumin 3.75 g,
ent."' Each 0.2.5-ml sample of serum was diluted alpha, globulin 0.39 g, alpha., globulin 0.65 g,
with 0.25 ml of normal saline solution and applied beta globulin 0.58 g, and gamma globulin 0.93 g
to the top of the gradient. After centrifugation. per 100 ml. The blood urea nitrogen was 19 mg
10 fractions of 0.5 ml each were collected from and the serum creatinine 1.5 mg per 100 ml.
the bottom of the tube with a 21-gauge needle. Examination of the spinal fluid showed a glucose
Each fraction was assayed for immunoglobulin of 80 mg and protein of 43 mg per 100 ml; no
concentration. microagglutination, complement- cells were seen. Frequent malaria smears were
fixation, and hemolytic antibodies, negative for parasitemia, and the microagglutina-

lion. coinplement-fixation, and hemolytic tests for
RESULTS leptospirosis were negative when the patient was

The case reports of three patients who were admitted. No organisms were seen on darkfield

hospitalized with clinical symptoms of less than examination of the blood, urine, and CSF.
3 days' duration and in whom the diagnosis of The patient continued to have daily oral tem-

leptospirosis was later confirmed by either serol- perature elevations to 103'F, headache, meningis-

ogy or isolation of the infectious agent are mus. and myalgia for 5 days. His symptoms then

presented. gradually subsided and he was essentially well 9)
days after the onset of illness. Hu,oever, on the

Case I 12th day. he again experienced a 36-hour episode

AX 19-v ear-old Ameritn marine was admitted of malaise and neck tenderness that was asso-
ciated with a temperature of 99.6'F. Laboratoryto the Naval Support Activity Hospital in D'- examination at this t.me showed a hematocrit of

Nang. Republic of Vietnam. with fever, headache, 41%, a WBC count of 8.065 mm1 with 66%
nausea, and generalized myalgia. He had been on neutrophils. and an erythrocyte sedimentation
patrol in a swampy area 9 days before the onset rate of 34 mm per hour. The SGOT was 88 units,
of ,ymptoms and felt well until 2 days before SGPT 87 units. blood urea nitrogen (BUN) 40

adnliý.ion when he experienced the abrupt onset mg,'. and the 24-hour creatinine clearance was
of severe occipital headache. photophobia. chills. 33 ml per minute. A repeat spinal fluid examina-
and fever to 102°F. He also complained of lion revealed 117 lymphocytes and 39 polymor-
iritense pain on moving his neck. phonuclear neutrophils. glucose 58 mg, and protein

On admission, the patient appeared acutely ill 37 mg per 100 ml. At this time, the serum and
\ith a temperature of 1001F. blood pressure of spinal fluid microagglutination titers for Lepto-
120 systolic. SO diastolic. anti pulse rate of 110 spira autumnalis was positive at 1:3,200 and

per minute. Pertinent physical findings included 1:200 respectively. The serum complement-fixa-
bilateral con otnctival injection \\ith petechial tion titer was 1:256. and the hemolytic titer was
hemorrhages in the sclerae. and nuchal rigidity. 1:2.500. Similar titers were obtained on the 21st
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TABLE 1

Serological response in leptospirosis

Nlicroagglutination* Complement-fixationt Hemolytic tests
titer titer titer

Patient D ay i4f
Nn. illness Infecting organism Serum Spinal fluid Serum Spinal fluid Serum Spinal fluid

3 0 0 0 1:8 1:40 0

1 12 L. autumnali.s 1:3,200 1:200 1:256 1:8 1:2,560 0

21 1:1,600 1:128 1:640

2 0 0 1:16 1:8 1:40 0

2 11 L. pyrogenes 1:400 0 1:512 1:16 1:640 0
20 1:200 1:256 1:160

2 0 0 0 1:8 1:40 0
3 11 L. bataviae 1:1,600 1:200 1:128 1:8 1:640 0

20 1:2,200 1:512 1:10,240

"1:100 titer significant.
S1: 16 titer significant.

: 1:160 titer significant.

day (Table 1. L. autumnalis was subsequently tration of IgG and IgA. Similar results were

isolated on Fletcher's medium from blood and found after ultracentrifugation of the sucrose-
CSF obtained the 3rd day of illness and again density gradient of sera obtained on the 21st day
from the CSF on the 12th day. of illness.

Immunoglobulin studies revealed an increase in
the IgG, IgA, IgM, and the C'3 component of Case 2
complement on the 12th day (Table 2). Sera
obtained on the 3rd. 12th, and 2Ist days were An 18-year-old man was admitted to the
subjected to ultracentrifugation in a 10% to 40% hospital with fever and chills of 1-day duration,

sucrose-density gradient. No agglutination. com- severe myalgia, especially of the extremities and
plement-fixation, or hemolytic activity was de- neck, photophobia. and headache. Nine days
tected in the serum obtained the 3rd day. In the12thdaysampe, he ighet mcroggluinaion before onset of symptoms, he had been on patrol12th-day sam ple, the highest m icroagglutination, a d w l e h o g i e p d i s n a h e ii

compemet-fiatin. nd hmoltictites fr L and walked through rice paddies near the demili-complement -fixat ion, and hemolytic titers for L.

autumnalis were found in fractions 3 and 4, which tarized zone.

also contained the highest concentrations of IgM Physical examination on admission revealed a

iFig. I t. Serological titers were not detected in temperature of 103.5°F, blood pressure of 108

fraction 6. which contained the highest concen- systolic, 76 diastolic, and a pulse of 110 per min.

TABLE 2
Immunoglobulin response in leptospirosis

BIlood Cerebrospinal fluid

Patient IlG IgA IRM t '3 Ig(; IgA IRM C'3
N,. Day ,f illne-. (m ' tmgR" t (mgl',); ( mn' (M 'fg, (mgR' ) (rMgI; ( ME,';

3 900 157 53 172 4.4 3.0 0 0

1 12 1,230 220 181 233 7.8 4.4 7.9 0

21 1,455 338 170 203 - - - -

2 1,270 203 51 175 2.3 0 0 0

2 11 1,250 230 282 128 5.2 0 0 0
20 1,500 229 115 202 - - -

2 1,223 298 92 176 3.6 0 0 0

3 11 920 180 104 194 4.9 0 3.5 0

20 1.150 185 330 170 - - -

.1
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?(X) - 5 after the start of therapy, his symptoms rapidly
Am - q 1,~28 improved, On the 7th day filness, the patient

5.\ r--.-Demiytyc test 64 noticed areas of flypesthesia over the dorsumn oi
-~32~ his right hand and forearm and was unable tn

duAclrsiflex his right wrist. He was diagnosed as
8 ' having a palsy of the right radial and ulnar nerves.
4 Repeat Ialhoratory studies on the I11th day of

I , illness revealed a hematocrit of 36%. W1VC count

S0 of 6.600 per mm1ý with a norma~l differential
2 3 6 8 - 10 count, and an erythrocyte sedimentation rate of

"nox
JgM 3 mm per hour. The platelet count was 60.000

A--JqG mm1ý. SGPT 70 units. SGOT 90 units. BUN 64
I--0gA mg. and serum creatinine 3.5 mg per 100 nil. A

repeat spinal fluid examination was normal. At
this timne. microagglutination. ca)mpiement-fixa-

were all positive iTable I L. pvro genes was

S~. -- ~ subsequently culturedl on Fletcher's medium
I 2 3 4 6 8 9 ~~0 fo bloobandteayof admission. The

Froction nurnbe r m lo btiertesa

immunoglobulin respinse during the septicernic
Fim;1Rv 1. Sucrose density -gradient ultracentrifu- and immune phases :s shown in Table 2. A four-

-ation of sera ob~tained on the 11th day of illness fold rise in the blood level of IgM and slight
from patient No. 1 who was infected with Leptospira increases in IgG and IgA were noted the I11th day.
aiun ipnalj.'. The concentration of IgG in the spinal fluid also

increased from 2.3 mg to 5.2 mg per 100 nil.
TIhere was bilateral conjunctival injection and Before discharge from the hospital, the BUN'
severe tenderness of the lumbar. gastrocnemic, had dropped to 13 mg and the creatinine to 1.3
and pectoral muscles on palpation. mg per 100 ml. The p~atient's right wrist drop

Laboratory examination rev'ealed a hematocrit and areas of hypesthesia over his right hand and
of 36';. a NIIC count of 6.850 per mm'1 with 87%, forearms persisted for i months.
neut ml hils. corrected erythrocyte sedimentation
rate of 34 mm per hiour.'and a platelet count of Cave 3
9)0.000 mm1. The total bilirubin "'as 0.9 mg7., A I 9-year-old man entered the hospital with a
SGPTl 30 units. SGOT 130 units, and alkaine I-day history of diffuse arthralgia. fever, chills.
phosllhatase 6 Bodanskv units. Total serum pro- headache, and photophobia.
tein w~as 5.3 g, albumnin 2.i g. alpha, globulin 0.28 Physical examination revealed a temp~eratuire of
g, alpha.. globulin 0.6s g beta glnbulin 0.56 g. and 104-F, blood p~ressure 1IM sy stolic. 80 diastolic.
gamima globulin 1.26 g per 100 ml. The blood and plulse of 1,30 13cr minute. Theic was bilateral
urea nitrogen \%as 31 mg and serum ceratinine conjunctival suffusion and generalized muscle
3.0 ma 11cr 100 mil. Stinal fluid examination tenderness on palpation.
revealed v~alues for pirotein of 29) mg and for Initial laboratory studies showed a hematocrit
glucose of 73 mg per 100 ml; no cells were seen,. f-0~.a~'1 on f1.0 m i 1
The urine contained 1 ± albumin. Twenty-four o 1''.aWCcuto 830m: ihW

hour (-real nine clearances on the 3rd and 4th (lays loyirhncernurpis n orce
of illne"! were 20 and 10 tiil 11cr niinute resjiec- crtrcesdinaio rte f24m hr
ively. Mlicroagglutimat ion. L Omllenicnt-fixat ion. hour. The total bilirubin w'as 0.4 ing' . S( ( Y 14

a 11(1 herni slyt ic tests for leptospirosis were negative uniits. SC PT V~) units, alkaline phosphatase (i

onl admission tTable I. hodansky units, and BUN IS mg5 . The serum
llecau'ec of the severe tavalgia. meningismos!, pirotein was 7.2 g. albumin 3.); g. alphat globulin

andl fever. lelitoslliros.is wa~s St rongly suspected. 0.33 g, alpha.. globulin 1 04 g. beta globulin 0.,S4
Andl inc I at jent \\aý; treatedl with t0 million units $4. and galmma globulin 1.04 g 11cr 100 n-.. Spinal
(it* jiltra ve~nou peni icillini peir day. 'Iwel ye ho urs fluid examinination w\as nilrniala and the miic ro-
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a gglut inat ion. conhtlemcnt-fixat ion, andI heniolytic otherwise normal CSF the 3rd day of illness.
tests foir lelitosliirosis were negative onl admission. With the recurrence oif fever anti meningitis tin

The patient continued to have temperature the 11th (lay, strain-specific agglutinins. an in-
elevations to 101' to 104' F until the 6th day crease in leukocytes. and leptospira were (etectedl
of illness. His symptoms then gradually sub)- in the spinal fluid. Increases inl concentration of
s.ided, and] he was clinically well byv the 10th day. Ig(, and IgA and the appearance of 1gMN in the
Laboratory tests at this time showed a hemlatocrit CSF were also noted, and it is conceivabile that
of 3)(Y" . a W13C count of ().,SO0 mill with 46',( ain inflammatory reaction was elicited 1by lepto-
io lytiorphonuc lea r neutrophils. and an erythro- spira-antibody complexes in the central nervous
cvte sedimentation rate of 25 mm per hour. The system.
remainder of the laboratory tests were normal. Although the%- are infrequent, neurological com-
A rejicat spinMd fluid examination revealed 26 plications such as p~eripheral and cranial nerve
neutrolihils and 4 lymphocytes. The serum micro- p~alsies, radiculit is, transverse myelitis. and en-
aIgglutination test was p~ositic -iat 1 :1.600 for cephalomyelitis occur during the immune p~hase
Leptospira bahiviaw: the titer in the CSF was and may reqluire weeks to months for complete
1 :200. Results of complemlent-fixaition and hemo- resolution. Peripheral nerve lesions also atppear'
lvdic tests are shown in Table 1. The imnmuno- during the septicemic phase but are less serious
globulin response during the acute phase (if infec- and usually subside with clearing of the lep-
tic; is shown in Table 2. A rise in the 1gM1 frac- tospiremia. Lesions that are seen (luring the
(ion was again noted on the I1Ith day of illness, immune phase are similar to the neurological

sequelae (if serum sickness and may also be
DISCUSSION manifestations of an antigen-antibody reaction.'

fimlrovc:flent of clinical sympltomns in three The radial and ulnar nerve p~alsy that appeared at
piatients \~ith leptospirosis was closely associated oinset of the immune phase in patient Number 2
with the appearance oif uirculating agglutinins as required a period of 3 months before improive-
\%ell as coimplement -fixing and hemolvtic anti- ment was noted.
liidie.s. 'l'wofold to fourfold increases in 1gMi The pathogenesis tif fever during the seliticemnic
and rises in the levels of IgA and IgG in the phase has been attributed to a leptospiremai.,
secra w\ere also seen. Cltracentrifugation studies However, the tempewrature rise during the immune
show~ed that 1gMI was the piredominant immuno- phase occurs at a time when antibiody titers are
globiulin involved inl the agglut~nation. comple- rising and leptospira are being destroyed, and it
mient-fixation. and hemolvtic reactions. These has been suggested that this recurrence of fever
results confirmed earlier stuidies that demon- may be the result of a hypersensitivity reaction
,t rated that a major p~ortion of agglutinating and to leptospiral antigens.'
hemiolvtic aintibodies for seven serotypes oif lelito- The development of immunity in leptospirosis
slora w\as 19OS macrogloliulins. which were still rTt~uires tie piroductioin of strain-sýpecific anti-
detectabile in high titers 4 to S weeks after the bodies. The exact role of the antibodies has not
onset of svmpolitils. bieen clarified, but their presence appears toi

The recurrence of meningitis during the im- enhance phagocytosis biy opsonization and agglo-

mune phase of tt. , disease has bieen attributed tinat ion of the infecting agents."~ Sufficient levels
to an Immunological respionse involving antigen tif antibodies are applarently needed foir clearing
and antilbody rat her than to direct injury to the of leptospira since these agents max' persist in
meitinges by leptosjiira or its piroiducts. Inv,%asionj tissue's with low antibody titcrý. .uch as- the

o!he subarachnoid space by lejitospira ticcurs glomierular filt rate and the aqueous humor of
Carly inl the course of illness. but no inflammatory the eve.'

rcslitilie is elicited b\v its ptresence. As immnunity TIhe role oi intibtidies in the pa'hog-nesis tof

develops, clearance tif the invading organisms the immune pihase is less clear. Aggzlut inatiotn (if

froim the CS I is associated with the appearance lilittisiiral torganismis pilays nilitot ti a lirittctniv'

of ilvo cy; t iis. 'The t ra nsient signs tf men ingit is role and facilitates pihagicvt os is. lion ever, since

at this t ime may vle due to) the react io n of anti - IgM coI i mple ment - fixing anlt ibo dies are ailsti p res-
botdIies wit h lel tt sl ira I aniit igens .:In p at ient eit, o tne p ossibl te p at hiogenet ic mech ailismn may

Numb le r 1. 1L. in ftupina la/1 %\ast reco ve red f rom anl lie act iva titin tof the co mlplement svstri emly ant:-
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gen-antihodv complexes. which in turn may cause titative determination of serum immunoglob-

tissue damiage and give rise to the clinical symp- ulins in antib~ody-agar plates. J. Immunol.,

tonis, that are seen. Additional studies are needed 9,4: 84-90.

to clarify the pathogenetic mechanisms respon- 7.Kaldor, j., and Ferris. A. .A., 1969. Immuno-
globulin levels in cerebro-spinal fluid in viral

sihie for the imimune phase of leptospirosis. and bacterial meningitis. Med. J. .4ustr., 11:
1206-1209.
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