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Reviewer #1 (Remarks to the Author): 

Huber et al is a nicely written, well presented manuscript describing the identification of a sponge 

RNA of the Qrr1-4 sRNAs of Vibrio cholerae through the technique of RIL-seq. This has clearly 

identified many promising targets that will provide many interesting projects in the future. The 

work is very nicely executed and the story as presented is pretty much complete. Whilst I very 

much enjoyed reading the manuscript the story is somewhat predictable in the biology that has 

been discovered in line with other sRNAs and their sponges. However, identifying the sponge RNA 

that controls the levels of the important sRNAs that are involved in regulating Quorum sensing in 

Vibrio species and it "potentially" completes the regulatory loop at this level (although I am sure 

there are more surprises). This work is interesting to those studying sRNAs and vibrio biologists. 

The website is useful for exploring the RILseq data. Below are some comments on the presented 

data, on the presentation, controls, and interpretation. 

Introduction – Line 78 – what is a sponge RNA, if you aren’t in the field it needs explanation. 

Results 

Throughout – rifampicin degradation curves to show half lives are not shown – add to 

supplementary data. 

Figure 2C and S4 – I was left confused by the labelling of the time points and OD. Provide a 

growth curve image with S4 to explain the different samples that have been taken. What is the 

authors explanation of the large decrease and then large increase in amount of QrrX from OD 1 to 

OD 2 (drop) and then back up at +3 hrs? There is discussion of transition between low and high 

cell density, but this doesn't explain the increase at +3 hrs. Same time points also chosen in 5B. 

Levels of Qrr1-4 are clearly different and it must have been previously described which is found in 

the cell at the highest to lowest level. Quantitation between the levels of Qrr1-4 and QrrX by qRT 

PCR? Does QrrX have a preference for which Qrr sRNA it interacts with first? 

Figure S4B and C – there appears to be discrepancy between levels of Qrr2 and Qrr3 between the 

2 figures. B WT Qrr2 is lower and in C WT p-ctr is lower? Also different to fig 3A pBAD ctr lanes. 

Figure 3C why showing Qrr1 and then mutation of Qrr4? and S5B Qrr4 and then mutation of Qrr1. 

This makes it unclear and confusing. Combine into one figure and place in main manuscript. 

Fig S5G shows the point mutation M2 of Qrr4 that returns the degradation of QrrX like Qrr1-3. 
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different? Recycling Qrr4 or QrrX for other targets? 

Line 201 and 218 repetition of gene location information. 

Line 236 – what growth phase? Why only show one point – would make more sense to show the 

whole curve and would show the transcriptional control – does it help explain the decrease at OD 2 

vs OD 1 and +3 h? 

Are there other potential transcriptional units controlled by QrrT? 

Figure S5C-G what are the extra bands shown in blots for QrrX? 

Is QrrX a processed RNA? Quite a lot of the blots show what looks like a double band, especially in 

the +3h time points. 2A, 6A, 6B, S4A. Has the ends of the RNA been mapped by RACE? Was there 

any hint in the dRNA-seq data or the term-seq data? What is happening with the pBAD inducible 

version, this also looks double? 

6A and 6B discrepancy between amounts of QrrX – B WT looks like the previous blots, but A looks 

8 B@JJB< IJH8D><% 6?8J @I ?8FF<D@D> @D J?< QGHH IJH8@D, 2%-% ( @I ;@==<H<DJ @D 9EJ? 9BEJI%

Minor comments 



Line 127 sRNA 

Line 245 an ~8 fold 

Line 318 come as a surprise 

Reviewer #2 (Remarks to the Author): 

In their manuscript Huber at al. describe their findings on experimental detection of Hfq-mediated 

RNA-RNA interactions in Vibrio cholerea. For this they performed RIL-seq to assess the Hfq-

mediated RNA-RNA interactome globally and the focussed on Quorum Sensing related sRNAs and 

their targets. There they revealed the RNA sponge QrrX, for which they can show in further 

experiments that it binds the QS sRNA Qrr1-4, leading to their degradation via an RNaseE-

mediated pathway. Furthermore, they show that transcription of QrrX is regulated by QrrT a LysR-

like transcriptional regulator. 

Overall, the study is well designed and the manuscript written clearly. The conclusions drawn are 

supported by the data and often additional validation experiments have been performed. In the 

following you will find some specific comments that should be addressed prior to publication: 

Major: 

- The RIL-seq experiments seem to be a comparative study between low and high cell densities, as 

this is explicitly mentioned in the Results (p. 3, ll. 92-93) and the Methods (p. 11, ll 385-386). 

However, the RIL-seq data is never analysed in a comparative fashion. The authors need to clarify 

if independent RIL-seq experiments were performed. If not, a reason should be given. If yes, the 

data should also be analysed comparatively. It would be of major interest to the readers if the RIL-

seq method is able to capture differential interaction. 

$ 5?< 8KJ?EHI KI< 8 :?@C<H@: H<8; :KJE== E= P(&# 9KJ ;E DEJ FHEL@;< J?< H8J@ED8B< ?EM J?@I L8BK<

was chosen. 

- The description of the "RIL-Seq computational analysis" is difficult to understand and needs to be 

improved. The basic idea is that the paired-end sequencing generates two reads from the different 

ends of the cDNA template. If the template was a chimera of two interacting RNAs then the two 

reads should map/align to two different locations in the genome. In case this is true this is counted 

as an interaction of the respective annotations. 

- Methods, Annotation of 5’UTRs and 3’UTRs: If I understand correct the original data from the 

mentioned publications was reanalysed. So please provide database accessions to these data sets. 

Reference 13 belongs to the dRNA-seq data, not the Term-seq. 

Minor: 

- p.3, ll. 97-100: The reads themselves are not statistically significant, I propose to rephrase the 

sentence to something like "We found 2889 statistically significant RNA-RNA interaction 

candidates, supported in total by 847.939 and 493.875 chimeric cDNA reads at low and high cell 

density, respectively." 
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understood correctly this cutoff was applied in general. If this is the case, it should be mentioned 

once in the Methods section and not again elsewhere. 

- Figure 2A: Using a Circos Plot to show the interactions of QrrX is not ideal, because it results in a 

lot of white space. Maybe you can show an overview of the interacting regions (Fig. 3B) of QrrX 

with Qrr1-4. This would also show that Qrr1-4 compete for the same region in QrrX. 

Reviewer #3 (Remarks to the Author): 

Huber et al. explored the targetome of previously known but also uncharacterized Hfq-dependent 

sRNAs in Vibrio cholerae using the RIL-seq approach. They focused on QrrX sRNA and quite 

convincingly demonstrated that QrrX is acting as an sRNA sponge. Indeed, QrrX directly interacts 

with the well-characterized Qrr sRNAs and, consequently, modulates quorum sensing, 



bioluminescence, and biofilm formation. Finally, they demonstrated that QrrX is under the control 

of QrrT, an uncharacterized transcription regulator and showed that both are key components of 

the quorum sensing pathway. 

I have no major comments. The manuscript is well written, and the web interface greatly 

facilitates the exploration of this wealth of information. 

Minor comments: 

- Lines 64-65/Line 109. According to the mentioned article, all Qrr sRNAs positively regulate aphA 

mRNA. 

- Lines 78-79. “Several potential sponge sRNAs” as authors characterized only one of those sRNA-

sRNA interactions. Please define “sponge sRNAs”. Authors could cite this recent review: 

10.1016/j.bbagrm.2020.194565 . 

- Lines 107-108. “76 previously described Hfq-dependent sRNA-target mRNA interactions from V. 

cholerae revealed overlap in 35 cases.” Could authors explain why only ~50% of previously known 

interactions are recovered using RIL-seq? 

- Lines 113-115. “We chose these sRNAs because they displayed high numbers of chimeric cDNA 

reads in the RIL-seq experiments and engaged interactions with multiple target mRNAs (Figs. S2A-

K)” Do authors think that all these interactions are “real”? Please discuss it. 

- http://rnaseqtools.vmguest.uni-120jena.de/ Please check the server availability. I was 

sometimes not able to access this website. 

- Line 128 “it was predicted to base-pair with all four Qrr sRNAs but no other RNAs (Fig. 2A)” Many 

previously characterized sRNA-mRNA interactions were not validated by the RIL-seq approach. I 

think that authors cannot be 100% sure that QrrX does not interact with other RNAs. Therefore, it 

might also be possible that Qrr1-4 sRNAs inhibit the function of QrrX. 

- Line 124. “This expression pattern is inversely correlated with the Qrr1-4 sRNAs.” Not exactly, 

especially at OD600 of 1 or 2. Please rephrase this sentence. 

- Figure 2C. Numerous bands are visible. Do authors think that QrrX could be processed/cleaved? 

- Line 136. “QrrX levels were significantly reduced (Fig. S4B)” Only true at OD600 of 3. Please 

rephrase this sentence. 

- Figure S4C. The effect of qrrX deletion is quite convincing. However, the level of Qrr1, Qrr2 and 

Qrr4 sRNAs does not seem to decrease when qrrX is overexpressed. Maybe authors could add 

densitometric analysis or reformulate their conclusions. 

- Line 146. Northern 

- Line 158. “this mutation almost fully restored Qrr1-4 stabilities”. While the seed sequence is 

conserved, Qrr2 and Qrr3 seem to be still (partially) degraded in presence of QrrX* (M1). Could 

authors comment on this discrepancy? This certainly explain why author chose to only focus on 

Qrr1 and Qrr4 in the following chapters. Consequently, authors should be careful when drawing 

general conclusions. 

- Line 165. Please fuse Figures 3C and S5B. 

- Lines 176-177. “QrrX base-pairs with all four Qrr sRNAs and that this interaction results in 

degradation of the RNA-duplex.” This cannot be generalized. Authors showed that the 

overexpression of “Qrr4 did not have the same effect”. The half-life of QrrX seems to be similar in 

presence or absence of Qrr4 (Figure S5F). 

- Figures 3C, 4A and 4C. Please show the 5S profile as control for RNase E inactivation. 



- Figure 4C. Why are there two bands in the 5S control in Figure 5C (also in the WT background)? 

- Line 202. Just out of curiosity, do authors think that qrrX overlaps the 3’UTR of qrrT? 

- Figure 5B. The deletion of qrrT drastically reduces QrrX level. However, the expression pattern is 

similar. Can we imagine that another factor is involved in the temporal expression of qrrX? 

- Line 242 and Figure 5C. “these promoter sequences are required for activation by QrrT”. Not 

EDBO# J?< ;<B<J@ED E= 3' 8D; 3( 8BIE 89HE>8J< J?< H<I@;K8B <NFH<II@ED @D J?< RGHH5 98:A>HEKD;%

- Lines 298-299. “cells lacking the qrrX gene had a competitive advantage against isogenic V. 

cholerae wild type cells". Please explain why the absence of QrrX gives a competitive advantage in 

tested conditions. 

- Lines 330-331. “the sponge RNA itself is not translated and does not interact with other 

transcripts” Data presented in Figure 2A do not support this assumption. 

- Figure 6G. I do not understand why Qrr1-4 are able to interact with hapR in presence of QrrX (in 

excess). 



REVIEWER COMMENTS

N[l_[m[h #0 'N[cWhai je j^[ =kj^eh(9

DkX[h [j Wb _i W d_Y[bo mh_jj[d+ m[bb fh[i[dj[Z cWdkiYh_fj Z[iYh_X_d] j^[ _Z[dj_\_YWj_ed e\ W ifed][ NJ=

e\ j^[ Mhh0,3 iNJ=i e\ R_Xh_e Y^eb[hW[ j^hek]^ j^[ j[Y^d_gk[ e\ NEH,i[g- P^_i ^Wi Yb[Whbo _Z[dj_\_[Z

cWdo fhec_i_d] jWh][ji j^Wj m_bb fhel_Z[ cWdo _dj[h[ij_d] fhe`[Yji _d j^[ \kjkh[- P^[ meha _i l[ho d_Y[bo

[n[Ykj[Z WdZ j^[ ijeho Wi fh[i[dj[Z _i fh[jjo ckY^ Yecfb[j[- S^_bij E l[ho ckY^ [d`eo[Z h[WZ_d] j^[

cWdkiYh_fj j^[ ijeho _i iec[m^Wj fh[Z_YjWXb[ _d j^[ X_ebe]o j^Wj ^Wi X[[d Z_iYel[h[Z _d b_d[ m_j^ ej^[h

iNJ=i WdZ j^[_h ifed][i- Dem[l[h+ _Z[dj_\o_d] j^[ ifed][ NJ= j^Wj Yedjhebi j^[ b[l[bi e\ j^[ _c,

fehjWdj iNJ=i j^Wj Wh[ _dlebl[Z _d h[]kbWj_d] Mkehkc i[di_d] _d R_Xh_e if[Y_[i WdZ _j "fej[dj_Wbbo"

Yecfb[j[i j^[ h[]kbWjeho beef Wj j^_i b[l[b 'Wbj^ek]^ E Wc ikh[ j^[h[ Wh[ ceh[ ikhfh_i[i(- P^_i meha _i

_dj[h[ij_d] je j^ei[ ijkZo_d] iNJ=i WdZ l_Xh_e X_ebe]_iji- P^[ m[Xi_j[ _i ki[\kb \eh [nfbeh_d] j^[

NEHi[g ZWjW- >[bem Wh[ iec[ Yecc[dji ed j^[ fh[i[dj[Z ZWjW+ ed j^[ fh[i[djWj_ed+ Yedjhebi+ WdZ _d,

j[hfh[jWj_ed-

S[ j^Wda j^[ h[l_[m[h \eh ^[h.^_i el[hWbb fei_j_l[ Wii[iic[dj e\ ekh meha-

0- EdjheZkYj_ed t H_d[ 67 t m^Wj _i W ifed][ NJ=+ _\ oek Wh[dwj _d j^[ \_[bZ _j d[[Zi [nfbWdWj_ed-

S[ WZZ[Z Wd WZZ_j_edWb i[dj[dY[ je j^[ _djheZkYj_ed fhel_Z_d] h[gk[ij[Z _d\ehcWj_ed-

N[ikbji

1- P^hek]^ekj t h_\Wcf_Y_d Z[]hWZWj_ed Ykhl[i je i^em ^Wb\ b_l[i Wh[ dej i^emd t WZZ je ikffb[c[d,

jWho ZWjW-

=i h[gk[ij[Z+ m[ ^Wl[ ][d[hWj[Z j^[ NJ= ijWX_b_jo fbeji- S[ WZZ[Z j^_i _d\ehcWj_ed je j^[ iekhY[

ZWjW 'j^[i[ m[h[ jee cWdo je _dYbkZ[ _d j^[ ikffb[c[djWho ZWjW(+ m^_Y^ _i fhel_Z[Z je][j^[h m_j^ j^_i

cWdkiYh_fj-

2- B_]kh[ 1? WdZ O3 t E mWi b[\j Yed\ki[Z Xo j^[ bWX[bb_d] e\ j^[ j_c[ fe_dji WdZ K@- Lhel_Z[ W ]hemj^

Ykhl[ _cW][ m_j^ O3 je [nfbW_d j^[ Z_\\[h[dj iWcfb[i j^Wj ^Wl[ X[[d jWa[d- S^Wj _i j^[ Wkj^ehi [nfbW,

dWj_ed e\ j^[ bWh][ Z[Yh[Wi[ WdZ j^[d bWh][ _dYh[Wi[ _d Wcekdj e\ MhhT \hec K@ 0 je K@ 1 'Zhef( WdZ

j^[d XWYa kf Wj *2 ^hi< P^[h[ _i Z_iYkii_ed e\ jhWdi_j_ed X[jm[[d bem WdZ ^_]^ Y[bb Z[di_jo+ Xkj j^_i

Ze[id&j [nfbW_d j^[ _dYh[Wi[ Wj *2 ^hi- OWc[ j_c[ fe_dji Wbie Y^ei[d _d 4>-

Bebbem_d] j^[ h[l_[m[hwi WZl_Y[+ m[ WZZ[Z Wd WZZ_j_edWb \_]kh[ je B_]- O3 'd[m B_]- O3=( je YbWh_\o Wj

j^[ m^_Y^ j_c[,fe_dj e\ ]hemj^ j^[ h[if[Yj_l[ iWcfb[i m[h[ Yebb[Yj[Z- N[]WhZ_d] j^[ \bkYjkWj_d] MhhT

b[l[bi+ m[ i^em j^Wj MhhT ijWX_b_jo _i YecfWhWXb[ Wj K@5//; 0 WdZ K@5//; 1 'B_]- O6A(- S[ Wbie i^em

j^Wj MhhP fhej[_d b[l[bi h[cW_d YedijWdj el[h ]hemj^ 'B_]- O6B(- P^ki+ m[ ik]][ij j^Wj MhhP WYj_l_jo+

hWj^[h j^Wd MhhT ijWX_b_jo eh MhhP WXkdZWdY[+ _i YWki_d] j^[ Y^Wd][ _d MhhT WXkdZWdY[ Zkh_d] ]hemj^-

=i fe_dj[Z ekj _d j^[ Z_iYkii_ed i[Yj_ed+ m[ j^_da j^Wj _Z[dj_\o_d] j^[ b_]WdZ'i( Yedjhebb_d] MhhP WYj_l_jo

m_bb X[ a[o je WZZh[ii_d] j^_i gk[ij_ed _d ceh[ Z[jW_b 'b_d[i 230,236(+ m^_Y^ m[ W_c je Ze _d W \ebbem,kf

ijkZo-

3- H[l[bi e\ Mhh0,3 Wh[ Yb[Whbo Z_\\[h[dj WdZ _j ckij ^Wl[ X[[d fh[l_ekibo Z[iYh_X[Z m^_Y^ _i \ekdZ _d

j^[ Y[bb Wj j^[ ^_]^[ij je bem[ij b[l[b- MkWdj_jWj_ed X[jm[[d j^[ b[l[bi e\ Mhh0,3 WdZ MhhT Xo gNP

L?N< @e[i MhhT ^Wl[ W fh[\[h[dY[ \eh m^_Y^ Mhh iNJ= _j _dj[hWYji m_j^ \_hij<

S[ j^Wda j^[ h[l_[m[h \eh j^_i Yecc[dj- Dem[l[h+ m[ mekbZ b_a[ je fe_dj ekj j^Wj j^[i[ Wh[ Jehj^[hd

Xbej [nf[h_c[dji _d m^_Y^ m[ ki[ hWZ_ebWX[b[Z eb_]edkYb[ej_Z[i fheX[i j^Wj Wh[ if[Y_\_Y je [WY^ e\ j^[

j^[ Mhh0,3 iNJ=i- P^[ cW_d h[Wied \eh j^_i WffheWY^ _i j^Wj j^[ Mhh0,3 iNJ=i Wh[ l[ho i_c_bWh _d i_p[



WdZ j^ki YWddej X[ Z[j[Yj[Z Wi _dZ_l_ZkWb jhWdiYh_fji ki_d] Wd eb_]edkYb[ej_Z[ fheX[ jWh][j_d] W Yed,

i[hl[Z i[gk[dY[ ijh[jY^ _d Wbb \ekh iNJ=i- P^ki+ X[YWki[ m[ ki[Z i[fWhWj[ fheX[i m_j^ Z_\\[h[dj ^o,

Xh_Z_pWj_ed [d[h]_[i WdZ bWX[bb_d] [\\_Y_[dY_[i+ j^[i[ [nf[h_c[dji Wh[ dej ik_jWXb[ \eh YecfWh_d] j^[

h[bWj_l[ WXkdZWdY[i e\ j^[ \ekh Mhh iNJ=i- Dem[l[h+ fh[l_eki NJ=,i[g [nf[h_c[dji 'LWf[d\ehj [j Wb+

1/04+ LJ=O( _dZ_YWj[Z j^Wj Mhh3 WdZ Mhh2 Wh[ j^[ ceij WXkdZWdj e\ j^[ \ekh iNJ=i WdZ ]_l[d j^[ Wb,

ceij _Z[dj_YWb ^oXh_Z_pWj_ed [d[h]_[i e\ j^[ fh[Z_Yj[Z NJ= Zkfb[n[i 'B_]- 2>(+ _j i[[ci b_a[bo j^Wj MhhT

\h[gk[djbo _dj[hWYji m_j^ Mhh2 WdZ Mhh3- P^_i l_[m _i h[\b[Yj[Z Xo j^[ ^_]^[h dkcX[h e\ Y^_c[hWi m[ eX,

jW_d[Z \eh j^[ MhhT,Mhh2 WdZ MhhT,Mhh3 NJ= Zkfb[n[i+ m^[d YecfWh[Z je j^[ Y^_c[hWi m[ eXjW_d[Z

\eh MhhT,Mhh1 WdZ MhhT,Mhh0 'i[[ PWXb[ O0(-

4- B_]kh[ O3> WdZ ? t j^[h[ Wff[Whi je X[ Z_iYh[fWdYo X[jm[[d b[l[bi e\ Mhh1 WdZ Mhh2 X[jm[[d j^[

1 \_]kh[i- > SP Mhh1 _i bem[h WdZ _d ? SP f,Yjh _i bem[h< =bie Z_\\[h[dj je \_] 2= f>=@ Yjh bWd[i-

=i fe_dj[Z ekj _d j^[ Yecc[dj WXel[+ j^[ dehj^[hd Xbej j[Y^debe]o [cfbeo[Z ^[h[ Ze[i dej Wbbem \eh

j^[ YecfWh_ied e\ i_]dWb _dj[di_j_[i X[jm[[d jme 'eh ceh[( Xbeji-

5- B_]kh[ 2? m^o i^em_d] Mhh0 WdZ j^[d ckjWj_ed e\ Mhh3< WdZ O4> Mhh3 WdZ j^[d ckjWj_ed e\ Mhh0-

P^_i cWa[i _j kdYb[Wh WdZ Yed\ki_d]- ?ecX_d[ _dje ed[ \_]kh[ WdZ fbWY[ _d cW_d cWdkiYh_fj-

S[ W]h[[ m_j^ j^[ h[l_[m[hwi Yecc[dj WdZ cel[Z B_]- O4> je j^[ cW_d cWdkiYh_fj 'd[m B_]- 2@(-

6- B_] O4C i^emi j^[ fe_dj ckjWj_ed I1 e\ Mhh3 j^Wj h[jkhdi j^[ Z[]hWZWj_ed e\ MhhT b_a[ Mhh0,2- S^Wj

Ze[i MhhT b[l[b beea b_a[ _d W sghh0,2 ckjWdj< I_]^j j^[h[ X[ iec[ h[Wied j^Wj Mhh3 _i Z_\\[h[dj< N[,

YoYb_d] Mhh3 eh MhhT \eh ej^[h jWh][ji<

S[ j^Wda j^[ h[l_[m[h \eh j^_i Yecc[dj- Qd\ehjkdWj[bo+ m[ j^_da _j _i [njh[c[bo Z_\\_Ykbj je WZZh[ii j^[

gk[ij_ed e\ m^[j^[h Mhh3 _i Z_\\[h[dj- =i fe_dj[Z ekj _d ekh cWdkiYh_fj+ jhWdiYh_fj_ed e\ j^[ Mhh0,3 _i

Yedjhebb[Z Xo ZeiW][ Yecf[diWj_ed 'Ol[dd_d]i[d [j Wb+ 1//8+ AI>K F(- Of[Y_\_YWbbo+ h[fh[ii_ed e\

HknK iodj^[i_i Xo j^[ Mhh0,3 iNJ=i 'Pk [j Wb+ 1/0/+ Ieb ?[bb( ][d[hWj[i W d[]Wj_l[ \[[ZXWYa beef

j^Wj YWb_XhWj[i j^[ jejWb b[l[bi e\ Mhh0,3 _d j^[ Y[bb- C_l[d j^Wj HknK _dZkY[i Mhh0,3 jhWdiYh_fj_ed+ Z[b[,

j_ed e\ qrr1-3 mekbZ h[ikbj _d Z[h[fh[ii_ed e\ luxO+ m^_Y^ _d jkhd m_bb WYj_lWj[ Mhh3 jhWdiYh_fj_ed- P^ki+

m[ Ze dej j^_da j^Wj j[ij_d] MhhT b[l[bi _d W sqrr1-3 m_bb Wbbem ki je [lWbkWj[ j^[ Yedi[gk[dY[ MhhT,

Mhh3 Zkfb[n \ehcWj_ed- J[l[hj^[b[ii+ m[ W]h[[ m_j^ j^[ h[l_[m[h j^Wj j^[ _dj[hWYj_ed e\ MhhT m_j^ Mhh3

c_]^j ^Wl[ W heb[ je \_d[,jkd[ j^[ MhhT b[l[bi m^[d Y[bbi jhWdi_j_ed \hec ^_]^ je bem Y[bb Z[di_j_[i- S[

^Wl[ WZZh[ii[Z j^_i _iik[ _d j^[ Z_iYkii_ed i[Yj_ed e\ ekh h[l_i[Z cWdkiYh_fj 'b_d[i 217,22/(-

7- H_d[ 1/0 WdZ 107 h[f[j_j_ed e\ ][d[ beYWj_ed _d\ehcWj_ed-

S[ ceZ_\_[Z j^[ i[dj[dY[ _d b_d[ 107 je Wle_Z j^_i Zkfb_YWj_ed e\ _d\ehcWj_ed-

8- H_d[ 125 t m^Wj ]hemj^ f^Wi[< S^o edbo i^em ed[ fe_dj t mekbZ cWa[ ceh[ i[di[ je i^em j^[

m^eb[ Ykhl[ WdZ mekbZ i^em j^[ jhWdiYh_fj_edWb Yedjheb t Ze[i _j ^[bf [nfbW_d j^[ Z[Yh[Wi[ Wj K@ 1 li

K@ 0 WdZ *2 ^<

=i dej[Z _d j^[ \_]kh[ b[][dZ+ j^[i[ [nf[h_c[dji m[h[ f[h\ehc[Z Wj K@;0-/- S[ Wbie WdWbop[Z j^[

h[fehj[h Wj Z_\\[h[dj j_c[,fe_dji e\ ]hemj^ WdZ h[Y[_l[Z i_c_bWh h[ikbji 'i[[ X[bem(- Dem[l[h+ ]_l[d j^[

^_]^ ijWX_b_jo e\ j^[ \bkeh[iY[dj h[fehj[h fhej[_d m^[d YecfWh[Z je j^[ h[bWj_l[bo i^ehj ^Wb\,b_\[ e\ MhhT

ifed][ NJ=+ m[ Ze dej [nf[Yj j^Wj j^_i [nf[h_c[djWb i[jkf m_bb Wbbem ki je YWfjkh[ j^[ ZodWc_Yi e\

MhhT [nfh[ii_ed j^Wj ^Wl[ X[[d Z[j[Yj[Z _d j^[ Jehj^[hd Xbej [nf[h_c[dji-



0/- =h[ j^[h[ ej^[h fej[dj_Wb jhWdiYh_fj_edWb kd_ji Yedjhebb[Z Xo MhhP<

S[ j^Wda j^[ h[l_[m[h \eh j^_i Yecc[dj+ ^em[l[h+ Wj j^_i fe_dj m[ YWddej Wdim[h j^_i gk[ij_ed m_j^

Y[hjW_djo- Ed fh[b_c_dWho [nf[h_c[dji+ m[ el[h,[nfh[ii[Z MhhP \hec Wd _dZkY_Xb[ fhecej[h \eh 04 c_d-

WdZ ki[Z NJ=,i[g je Z[j[hc_d[ ][d[ [nfh[ii_ed Y^Wd][i Wj W jhWdiYh_fjec[ b[l[b- Dem[l[h+ _d j^[i[

[nf[h_c[dji+ m[ edbo Z_iYel[h[Z kf,h[]kbWj_ed e\ MhhT WdZ Zemd,h[]kbWj_ed e\ j^[ Mhh iNJ=i- =bj,

^ek]^ j^[i[ h[ikbji Ze dej [nYbkZ[ j^Wj MhhP h[]kbWj[i WZZ_j_edWb ][d[i X[i_Z[ qrrX+ _j Ze[i dej i[[c

je \kdYj_ed Wi W ]beXWb h[]kbWjeh e\ ][d[ [nfh[ii_ed _d V. cholerae 'Wj b[Wij kdZ[h j^[ YedZ_j_edi m[

j[ij[Z(- J[l[hj^[b[ii+ m[ W_c je [nfbeh[ j^_i gk[ij_ed _d ceh[ Z[jW_b _d W \ebbem,kf ijkZo-

00- B_]kh[ O4?,C m^Wj Wh[ j^[ [njhW XWdZi i^emd _d Xbeji \eh MhhT<

C_l[d j^Wj m[ ki[ W MhhT,if[Y_\_Y eb_]edkYb[ej_Z[ fheX[ _d j^[i[ Xbeji+ m[ YedYbkZ[ j^Wj j^[i[ XWdZi

Wh[ MhhT Z[]hWZWj_ed fheZkYji- S[ Wbie dej_Y[Z j^Wj j^[i[ XWdZi X[Yec[ ceh[ fhedekdY[Z m^[d j^[

Mhh iNJ=i Wh[ el[h,[nfh[ii[Z+ ikffehj_d] j^[ ikffei_j_ed j^Wj XWi[,fW_h_d] X[jm[[d MhhT WdZ Mhh0,3

NJ=i h[ikbji _d Z[]hWZWj_ed e\ j^[ NJ= Zkfb[n- S[ ^Wl[ cWha[Z j^[i[ XWdZi _d B_]-O4?,C WYYehZ,

_d]bo-

01- Ei MhhT W fheY[ii[Z NJ=< Mk_j[ W bej e\ j^[ Xbeji i^em m^Wj beeai b_a[ W ZekXb[ XWdZ+ [if[Y_Wbbo

_d j^[ *2^ j_c[ fe_dji- 1=+ 5=+ 5>+ O3=- DWi j^[ [dZi e\ j^[ NJ= X[[d cWff[Z Xo N=?A< SWi j^[h[

Wdo ^_dj _d j^[ ZNJ=,i[g ZWjW eh j^[ j[hc,i[g ZWjW< S^Wj _i ^Wff[d_d] m_j^ j^[ f>=@ _dZkY_Xb[ l[h,

i_ed+ j^_i Wbie beeai ZekXb[<

=i fe_dj[Z ekj _d j^[ Yecc[dj WXel[+ m[ ^Wl[ [l_Z[dY[ ikffehj_d] j^[ ^ofej^[i_i j^Wj MhhT _i fhe,

Y[ii[Z m^[d _j _i _dj[hWYj_d] m_j^ Mhh0,3 WdZ j^Wj j^_i fheY[ii _dlebl[i NJWi[ A 'B_]i- 3=+ 3?+ WdZ

O5(- Dem[l[h+ XWi[Z ed ZNJ=,O[g 'LWf[d\ehj [j Wb+ 1/04+ LJ=O( WdZ P[hc,O[g ZWjW 'Deoei [j Wb+

1/1/+ [H_\[(+ m[ YWd YedYbkZ[ j^Wj \kbb,b[d]j^ MhhT _i j^[ ceij WXkdZWdj _ie\ehc _d j^[ Y[bb- =i fe_dj[Z

ekj _d ceh[ Z[jW_b _d h[ifedi[ je Yecc[dj 05 e\ h[l_[m[h #2+ m[ dej_Y[Z j^Wj W \hWYj_ed e\ MhhT jhWd,

iYh_fji [iYWf[i jhWdiYh_fj_ed j[hc_dWj_ed Wj j^[ [dZe][deki fhecej[h WdZ Yedj_dk[i jhWdiYh_fj_ed _dje

j^[ qrrT ][d[- Ed YWi[ e\ j^[ fbWic_Z,XWi[Z f>=@ fhecej[h+ j[hc_dWj_ed h[WZ,j^hek]^ Wj j^[ qrrX j[h,

c_dWjeh _i YWfjkh[Z Wj W i[YedZ j[hc_dWjeh i[gk[dY[ '_cc[Z_Wj[bo Zemdijh[Wc e\ j^[ qrrX j[hc_dWjeh(

j^Wj mWi _dYbkZ[Z ed j^[ fbWic_Z je Wle_Z h[]kbWj_ed e\ fbWic_Z,Xehd[ [b[c[dji '[-]- j^[ Wdj_X_ej_Y h[,

i_ijWdY[ ][d[( Zk[ je WYj_lWj_ed e\ j^[ f>=@ fhecej[h-

02- 5= WdZ 5> Z_iYh[fWdYo X[jm[[d Wcekdji e\ MhhT t > SP beeai b_a[ j^[ fh[l_eki Xbeji+ Xkj = beeai

W b_jjb[ ijhWd][- S^Wj _i ^Wff[d_d] _d j^[ sghh ijhW_d< K-@- 1 _i Z_\\[h[dj _d Xej^ Xbeji-

S[ j^Wda j^[ h[l_[m[h \eh Xh_d]_d] j^_i _iik[ je ekh Wjj[dj_ed- S[ ^Wl[ dem h[f[Wj[Z j^[ [nf[h_c[dji

i^emd _d B_]- 5= i[l[hWb j_c[i WdZ eXjW_d[Z j^[ [nf[Yj[Z fWjj[hd _d MhhT [nfh[ii_ed- =YYehZ_d]bo+ m[

h[fbWY[Z j^[ fh[l_eki \_]kh[ m_j^ j^[ d[m ZWjW-



I_deh Yecc[dji

H_d[ 016 iNJ=

?ehh[Yj[Z

H_d[ 134 Wd q7 \ebZ

?ehh[Yj[Z

H_d[ 207 Yec[ Wi W ikhfh_i[

?ehh[Yj[Z

N[l_[m[h #1 'N[cWhai je j^[ =kj^eh(9

Ed j^[_h cWdkiYh_fj DkX[h Wj Wb- Z[iYh_X[ j^[_h \_dZ_d]i ed [nf[h_c[djWb Z[j[Yj_ed e\ D\g,c[Z_Wj[Z

NJ=,NJ= _dj[hWYj_edi _d R_Xh_e Y^eb[h[W- Beh j^_i j^[o f[h\ehc[Z NEH,i[g je Wii[ii j^[ D\g,c[Z_Wj[Z

NJ=,NJ= _dj[hWYjec[ ]beXWbbo WdZ j^[ \eYkii[Z ed Mkehkc O[di_d] h[bWj[Z iNJ=i WdZ j^[_h jWh][ji-

P^[h[ j^[o h[l[Wb[Z j^[ NJ= ifed][ MhhT+ \eh m^_Y^ j^[o YWd i^em _d \khj^[h [nf[h_c[dji j^Wj _j

X_dZi j^[ MO iNJ= Mhh0,3+ b[WZ_d] je j^[_h Z[]hWZWj_ed l_W Wd NJWi[A,c[Z_Wj[Z fWj^mWo- Bkhj^[h,

ceh[+ j^[o i^em j^Wj jhWdiYh_fj_ed e\ MhhT _i h[]kbWj[Z Xo MhhP W HoiN,b_a[ jhWdiYh_fj_edWb h[]kbWjeh-

Kl[hWbb+ j^[ ijkZo _i m[bb Z[i_]d[Z WdZ j^[ cWdkiYh_fj mh_jj[d Yb[Whbo- P^[ YedYbki_edi ZhWmd Wh[ ikf,

fehj[Z Xo j^[ ZWjW WdZ e\j[d WZZ_j_edWb lWb_ZWj_ed [nf[h_c[dji ^Wl[ X[[d f[h\ehc[Z- Ed j^[ \ebbem_d]

oek m_bb \_dZ iec[ if[Y_\_Y Yecc[dji j^Wj i^ekbZ X[ WZZh[ii[Z fh_eh je fkXb_YWj_ed9

S[ mekbZ b_a[ je j^Wda j^[ h[l_[m[h \eh j^[ Yh_j_YWb Wii[iic[dj e\ ekh cWdkiYh_fj- S[ ^Wl[ WZZh[ii[Z

j^[ Yecc[dji X[bem WdZ _d ekh h[l_i[Z cWdkiYh_fj-

IW`eh9

, P^[ NEH,i[g [nf[h_c[dji i[[c je X[ W YecfWhWj_l[ ijkZo X[jm[[d bem WdZ ^_]^ Y[bb Z[di_j_[i+ Wi

j^_i _i [nfb_Y_jbo c[dj_ed[Z _d j^[ N[ikbji 'f- 2+ bb- 81,82( WdZ j^[ I[j^eZi 'f- 00+ bb 274,275(- Dem[l[h+

j^[ NEH,i[g ZWjW _i d[l[h WdWboi[Z _d W YecfWhWj_l[ \Wi^_ed- P^[ Wkj^ehi d[[Z je YbWh_\o _\ _dZ[f[dZ,

[dj NEH,i[g [nf[h_c[dji m[h[ f[h\ehc[Z- E\ dej+ W h[Wied i^ekbZ X[ ]_l[d- E\ o[i+ j^[ ZWjW i^ekbZ Wbie

X[ WdWboi[Z YecfWhWj_l[bo- Ej mekbZ X[ e\ cW`eh _dj[h[ij je j^[ h[WZ[hi _\ j^[ NEH,i[g c[j^eZ _i WXb[ je

YWfjkh[ Z_\\[h[dj_Wb _dj[hWYj_ed-

S[ Wfebe]_p[ \eh j^[ Yed\ki_ed+ Xkj j^[ NEH,i[g ZWjW YWddej X[ WdWbop[Z _d W YecfWhWj_l[ \Wi^_ed-

P^[ cW_d h[Wied _i j^Wj j^[ iNJ= WdZ cNJ= [nfh[ii_ed fhe\_b[i Y^Wd][ kdZ[h Z_\\[h[dj ]hemj^ Yed,

Z_j_edi WdZ kfed Y^Wd][i _d D\g YedY[djhWj_ed- Beh [nWcfb[+ W ^_]^ dkcX[h e\ D\g,X_dZ_d] iNJ=i Wh[

jhWdiYh_X[Z Wj ^_]^ Y[bb Z[di_jo 'm^[d YecfWh[Z je bem Y[bb Z[di_jo: LWf[d\ehj [j Wb+ 1/04+ LJ=O(+

m^_Y^ _cfWYji j^[ el[hWbb YedY[djhWj_ed e\ iNJ=i _d j^[ Y[bb WdZ j^[h[\eh[ Y^Wd][i j^[ feeb e\ feii_,

Xb[ iNJ=,jWh][j cNJ= _dj[hWYj_edi+ Yecfb_YWj_d] j^[ WdWboi[i- P^[h[\eh[+ m^_b[ j^[ NEH,i[g c[j^eZ

fhel_Z[i Wd [nY[bb[dj idWfi^ej e\ D\g,c[Z_Wj[Z NJ=,NJ= _dj[hWYj_edi Wj W ]_l[d j_c[,fe_dj.YedZ_j_ed+

_j YWddej [Wi_bo X[ WZWfj[Z \eh YecfWhWj_l[ WdWboi[i- K\ dej[+ m[ f[h\ehc[Z jme _dZ[f[dZ[dj X_ebe]_,

YWb h[fb_YWj[i \eh [WY^ YedZ_j_ed j[ij[Z+ _d b_d[ m_j^ fh[l_eki fkXb_YWj_edi+ [-]- I[bWc[Z [j Wb+ 1/05 Ieb

?[bb(-

, P^[ Wkj^ehi ki[ W Y^_c[h_Y h[WZ Ykje\\ e\ r1/+ Xkj Ze dej fhel_Z[ j^[ hWj_edWb[ ^em j^_i lWbk[ mWi

Y^ei[d-

P^_i dkcX[h mWi Y^ei[d XWi[Z ed fh[l_ekibo fkXb_i^[Z NEH,i[g ZWjWi[ji '[-]- IWj[hW [j Wb+ 1/11+ Ieb

?[bb r2/+ I[bWc[Z [j Wb+ 1/05 Ieb ?[bb r0/+ I[bWc[Z [j Wb+ 1/1/+ Ieb ?[bb r28( WdZ Yehh[bWj[i m_j^ W



^_]^ dkcX[h e\ fh[l_ekibo h[fehj[Z iNJ=,jWh][j _dj[hWYj_edi j^Wj m[h[ fh[l_ekibo h[fehj[Z \eh V. chol-

erae 'i[[ PWXb[ O1(- S[ WZZ[Z j^_i _d\ehcWj_ed je j^[ h[l_i[Z cWdkiYh_fj 'b_d[i 307,310(-

, P^[ Z[iYh_fj_ed e\ j^[ "NEH,O[g YecfkjWj_edWb WdWboi_i" _i Z_\\_Ykbj je kdZ[hijWdZ WdZ d[[Zi je X[ _c,

fhel[Z- P^[ XWi_Y _Z[W _i j^Wj j^[ fW_h[Z,[dZ i[gk[dY_d] ][d[hWj[i jme h[WZi \hec j^[ Z_\\[h[dj [dZi

e\ j^[ Y@J= j[cfbWj[- E\ j^[ j[cfbWj[ mWi W Y^_c[hW e\ jme _dj[hWYj_d] NJ=i j^[d j^[ jme h[WZi

i^ekbZ cWf.Wb_]d je jme Z_\\[h[dj beYWj_edi _d j^[ ][dec[- Ed YWi[ j^_i _i jhk[ j^_i _i Yekdj[Z Wi Wd _d,

j[hWYj_ed e\ j^[ h[if[Yj_l[ WddejWj_edi-

S[ h[l_i[Z j^_i i[Yj_ed je YbWh_\o ^em j^[ NEH,i[g ZWjW m[h[ WdWbop[Z 'b_d[i 286,310(-

, I[j^eZi+ =ddejWj_ed e\ 4wQPNi WdZ 2wQPNi9 E\ E kdZ[hijWdZ Yehh[Yj j^[ eh_]_dWb ZWjW \hec j^[ c[d,

j_ed[Z fkXb_YWj_edi mWi h[WdWboi[Z- Oe fb[Wi[ fhel_Z[ ZWjWXWi[ WYY[ii_edi je j^[i[ ZWjW i[ji- N[\[h,

[dY[ 02 X[bed]i je j^[ ZNJ=,i[g ZWjW+ dej j^[ P[hc,i[g-

=i h[gk[ij[Z+ m[ WZZ[Z j^[ h[b[lWdj WYY[ii_ed dkcX[hi je j^[ cWdkiYh_fj 'b_d[i 314,315(-

I_deh9

, f-2+ bb- 86,0//9 P^[ h[WZi j^[ci[bl[i Wh[ dej ijWj_ij_YWbbo i_]d_\_YWdj+ E fhefei[ je h[f^hWi[ j^[ i[d,

j[dY[ je iec[j^_d] b_a[ "S[ \ekdZ 1778 ijWj_ij_YWbbo i_]d_\_YWdj NJ=,NJ= _dj[hWYj_ed YWdZ_ZWj[i+ ikf,

fehj[Z _d jejWb Xo 736-828 WdZ 382-764 Y^_c[h_Y Y@J= h[WZi Wj bem WdZ ^_]^ Y[bb Z[di_jo+ h[if[Y,

j_l[bo-"

S[ j^Wda j^[ h[l_[m[h \eh j^_i Yecc[dj WdZ h[f^hWi[Z j^_i i[dj[dY[ _d ekh h[l_i[Z cWdkiYh_fj 'b_d[i

87,0//(-

, ff-2 % 3+ H[][dZ e\ B_]kh[ 19 P^[ Ykje\\ e\ r1/ Y^_c[h_Y h[WZi _i c[dj_ed[Z i[l[hWb j_c[i- E\ E kdZ[h,

ijeeZ Yehh[Yjbo j^_i Ykje\\ mWi Wffb_[Z _d ][d[hWb- E\ j^_i _i j^[ YWi[+ _j i^ekbZ X[ c[dj_ed[Z edY[ _d j^[

I[j^eZi i[Yj_ed WdZ dej W]W_d [bi[m^[h[-

S[ h[cel[Z j^_i _d\ehcWj_ed \hec j^[ cW_d j[nj-

, B_]kh[ 1=9 Qi_d] W ?_hYei Lbej je i^em j^[ _dj[hWYj_edi e\ MhhT _i dej _Z[Wb+ X[YWki[ _j h[ikbji _d W bej

e\ m^_j[ ifWY[- IWoX[ oek YWd i^em Wd el[hl_[m e\ j^[ _dj[hWYj_d] h[]_edi 'B_]- 2>( e\ MhhT m_j^

Mhh0,3- P^_i mekbZ Wbie i^em j^Wj Mhh0,3 Yecf[j[ \eh j^[ iWc[ h[]_ed _d MhhT-

S[ j^Wda j^[ h[l_[m[h \eh j^_i Yecc[dj- S^_b[ m[ W]h[[ j^Wj j^[ ?_hYei Lbej _d B_]- 1= Yec[i m_j^ W

h[bWj_l[bo bWh][ Wh[W e\ m^_j[ ifWY[+ m[ Z[Y_Z[Z je a[[f j^_i \_]kh[ i_dY[ _d YedjhWiji m[bb m_j^ B_]- 0=+

m^_Y^ i^emi ^kdZh[Zi e\ _dj[hWYj_edi- S[ j^ki j^_da j^Wj j^_i \_]kh[ d_Y[bo _bbkijhWj[i j^Wj MhhT if[Y_\_,

YWbbo _dj[hWYji m_j^ j^[ Mhh0,3 iNJ=i- P^[ _d\ehcWj_ed j^Wj Mhh0,3 Yecf[j[ \eh j^[ iWc[ i[gk[dY[ _d

_d MhhT _i fhel_Z[Z _d B_]- 2>-

N[l_[m[h #2 'N[cWhai je j^[ =kj^eh(9

DkX[h [j Wb- [nfbeh[Z j^[ jWh][jec[ e\ fh[l_ekibo ademd Xkj Wbie kdY^WhWYj[h_p[Z D\g,Z[f[dZ[dj

iNJ=i _d R_Xh_e Y^eb[hW[ ki_d] j^[ NEH,i[g WffheWY^- P^[o \eYki[Z ed MhhT iNJ= WdZ gk_j[ Yedl_dY,

_d]bo Z[cedijhWj[Z j^Wj MhhT _i WYj_d] Wi Wd iNJ= ifed][- EdZ[[Z+ MhhT Z_h[Yjbo _dj[hWYji m_j^ j^[



m[bb,Y^WhWYj[h_p[Z Mhh iNJ=i WdZ+ Yedi[gk[djbo+ ceZkbWj[i gkehkc i[di_d]+ X_ebkc_d[iY[dY[+ WdZ

X_e\_bc \ehcWj_ed- B_dWbbo+ j^[o Z[cedijhWj[Z j^Wj MhhT _i kdZ[h j^[ Yedjheb e\ MhhP+ Wd kdY^WhWYj[h_p[Z

jhWdiYh_fj_ed h[]kbWjeh WdZ i^em[Z j^Wj Xej^ Wh[ a[o Yecfed[dji e\ j^[ gkehkc i[di_d] fWj^mWo-

E ^Wl[ de cW`eh Yecc[dji- P^[ cWdkiYh_fj _i m[bb mh_jj[d+ WdZ j^[ m[X _dj[h\WY[ ]h[Wjbo \WY_b_jWj[i j^[

[nfbehWj_ed e\ j^_i m[Wbj^ e\ _d\ehcWj_ed-

S[ m[h[ Z[b_]^j[Z je ^[Wh j^Wj j^[ h[l_[m[h [d`eo[Z h[WZ_d] ekh cWdkiYh_fj WdZ j^Wj j^[h[ m[h[ de

cW`eh fe_dji e\ Yh_j_Y_ic- S[ ^Wl[ WZZh[ii[Z Wbb h[cW_d_d] fe_dji _d ekh h[l_i[Z cWdkiYh_fj Wi Z[,

jW_b[Z X[bem-

I_deh Yecc[dji9

0- , H_d[i 53,54.H_d[ 0/8- =YYehZ_d] je j^[ c[dj_ed[Z Whj_Yb[+ Wbb Mhh iNJ=i fei_j_l[bo h[]kbWj[ Wf^=

cNJ=-

S[ WZZ[Z Wd WZZ_j_edWb h[\[h[dY[ 'O^We [j Wb+ 1/01+ Ieb I_YheX_eb( je YbWh_\o j^_i _iik[- D[h[+ j^[ Wk,

j^ehi i^em[Z j^Wj Mhh0 bWYai W Yh_j_YWb i[gk[dY[ [b[c[dj _d j^[ 4w [dZ e\ j^[ iNJ= j^Wj _i h[gk_h[Z \eh

XWi[,fW_h_d] m_j^ aphA-

1- , H_d[i 67,68- uO[l[hWb fej[dj_Wb ifed][ iNJ=iv Wi Wkj^ehi Y^WhWYj[h_p[Z edbo ed[ e\ j^ei[ iNJ=,

iNJ= _dj[hWYj_edi- Lb[Wi[ Z[\_d[ uifed][ iNJ=iv- =kj^ehi YekbZ Y_j[ j^_i h[Y[dj h[l_[m9

0/-0/05.`-XXW]hc-1/1/-083454 -

S[ WZZ[Z Wd WZZ_j_edWb i[dj[dY[ je j^[ _djheZkYj_ed fhel_Z_d] j^[ h[gk[ij[Z _d\ehcWj_ed- S[ Wbie

WZZ[Z j^[ _dZ_YWj[Z h[\[h[dY[-

2- , H_d[i 0/6,0/7- u65 fh[l_ekibo Z[iYh_X[Z D\g,Z[f[dZ[dj iNJ=,jWh][j cNJ= _dj[hWYj_edi \hec R-

Y^eb[hW[ h[l[Wb[Z el[hbWf _d 24 YWi[i-v ?ekbZ Wkj^ehi [nfbW_d m^o edbo q4/$ e\ fh[l_ekibo ademd _d,

j[hWYj_edi Wh[ h[Yel[h[Z ki_d] NEH,i[g<

S[ j^Wda j^[ h[l_[m[h \eh j^_i Yecc[dj- EdZ[[Z+ m[ m[h[ ikhfh_i[Z je i[[ j^Wj m[ eXjW_d[Z edbo

q4/$ e\ j^[ ademd _dj[hWYj_edi- Dem[l[h+ edbo W b_c_j[Z dkcX[h e\ iNJ=,jWh][j _dj[hWYj_edi ^Wl[

X[[d ijkZ_[Z _d V. cholerae je ZWj[ WdZ j^ki j^[ fh[l_ekibo h[fehj[Z _dj[hWYj_edi ij[c \hec h[bWj_l[bo

\[m iNJ=i- Of[Y_\_YWbbo+ m[ dej_Y[Z j^Wj _dj[hWYj_edi _dlebl_d] j^[ Rhh= WdZ I_YR iNJ=i Wh[ kd,

Z[hh[fh[i[dj[Z _d ekh ZWjWi[j- P^[i[ jme iNJ=i Wh[ _dZkY[Z Xo j^[ Wbj[hdWj_l[ i_]cW \WYjeh A WdZ

j^ki h[gk_h[ if[Y_\_Y ijh[ii YedZ_j_edi '[-]- [dl[bef[ ijh[ii( je X[ _dZkY[Z- Ej _i gk_j[ feii_Xb[ j^Wj j^[

Rhh= WdZ I_YR _dj[hWYj_edi Wh[ kdZ[hh[fh[i[dj[Z ]_l[d j^Wj j^[ jme j_c[,fe_dji ki[Z _d ekh NEH,O[g

[nf[h_c[dji Ze dej _dlebl[ i_]cW A _dZkYj_ed-

3- , H_d[i 002,004- uS[ Y^ei[ j^[i[ iNJ=i X[YWki[ j^[o Z_ifbWo[Z ^_]^ dkcX[hi e\ Y^_c[h_Y Y@J=

h[WZi _d j^[ NEH,i[g [nf[h_c[dji WdZ [d]W][Z _dj[hWYj_edi m_j^ ckbj_fb[ jWh][j cNJ=i 'B_]i- O1=,G(v

@e Wkj^ehi j^_da j^Wj Wbb j^[i[ _dj[hWYj_edi Wh[ uh[Wbv< Lb[Wi[ Z_iYkii _j-

EdZ[[Z+ m[ Yedi_Z[h j^[i[ _dj[hWYj_edi je X[ uh[Wbv ]_l[d j^Wj m[ m[h[ WXb[ je lWb_ZWj[ feij,jhWdiYh_f,

j_edWb h[]kbWj_ed ki_d] W CBL,XWi[Z h[fehj[h ioij[c 'B_]- 0?(- Dem[l[h+ m[ Wh[ WmWh[ j^Wj j^[ NJ=

Zkfb[n[i i^emd _d B_]i- 1=,G Wh[ XWi[Z ed _d i_b_Ye fh[Z_Yj_edi WdZ j^ki mekbZ d[[Z \khj^[h lWb_ZW,

j_ed- S[ ^Wl[ YbWh_\_[Z j^_i _iik[ _d j^[ Z_iYkii_ed i[Yj_ed e\ ekh h[l_i[Z cWdkiYh_fj 'b_d[i 238,242(-



, ^jjf9..hdWi[gjeebi-lc]k[ij-kd_,01/`[dW-Z[. Lb[Wi[ Y^[Ya j^[ i[hl[h WlW_bWX_b_jo- E mWi iec[j_c[i dej

WXb[ je WYY[ii j^_i m[Xi_j[-

S[ j[ij[Z j^[ b_da WdZ meha[Z \_d[ \hec Wbb e\ ekh Yecfkj[h- Dem[l[h+ m[ dej_Y[Z j^Wj j^[ WZZh[ii _d,

Z_YWj[Z WXel[ YedjW_di W Yefo,fWij[ [hheh '_-[- j^[ b_d[ dkcX[h e\ j^[ b_da _d j^[ cWdkiYh_fj(+ m^_Y^

c_]^j ^Wl[ YWki[Z j^[ WYY[ii_X_b_jo fheXb[ci-

4- , H_d[ 017 u_j mWi fh[Z_Yj[Z je XWi[,fW_h m_j^ Wbb \ekh Mhh iNJ=i Xkj de ej^[h NJ=i 'B_]- 1=(v IWdo

fh[l_ekibo Y^WhWYj[h_p[Z iNJ=,cNJ= _dj[hWYj_edi m[h[ dej lWb_ZWj[Z Xo j^[ NEH,i[g WffheWY^- E j^_da

j^Wj Wkj^ehi YWddej X[ 0//$ ikh[ j^Wj MhhT Ze[i dej _dj[hWYj m_j^ ej^[h NJ=i- P^[h[\eh[+ _j c_]^j Wbie

X[ feii_Xb[ j^Wj Mhh0,3 iNJ=i _d^_X_j j^[ \kdYj_ed e\ MhhT-

S[ ceZ_\_[Z j^_i i[dj[dY[ je YbWh_\o j^Wj j^_i _dj[hfh[jWj_ed mWi edbo XWi[Z ed j^[ NEH,i[g [nf[h_,

c[dji j^Wj m[h[ fh[i[dj[Z _d j^_i cWdkiYh_fj-

5- , H_d[ 013- uP^_i [nfh[ii_ed fWjj[hd _i _dl[hi[bo Yehh[bWj[Z m_j^ j^[ Mhh0,3 iNJ=i-v Jej [nWYjbo+ [i,

f[Y_Wbbo Wj K@5// e\ 0 eh 1- Lb[Wi[ h[f^hWi[ j^_i i[dj[dY[-

=i h[gk[ij[Z+ m[ h[f^hWi[Z j^_i i[dj[dY[ _d ekh h[l_i[Z cWdkiYh_fj 'b_d[i 022,024(-

6- , B_]kh[ 1?- Jkc[heki XWdZi Wh[ l_i_Xb[- @e Wkj^ehi j^_da j^Wj MhhT YekbZ X[ fheY[ii[Z.Yb[Wl[Z<

S[ Ze j^_da j^Wj MhhT YekbZ X[ fheY[ii[Z.Yb[Wl[Z- Lb[Wi[ i[[ h[ifedi[ je Yecc[dj #01 e\ h[l_[m[h

0-

7- , H_d[ 025- uMhhT b[l[bi m[h[ i_]d_\_YWdjbo h[ZkY[Z 'B_]- O3>(v Kdbo jhk[ Wj K@5// e\ 2- Lb[Wi[ h[,

f^hWi[ j^_i i[dj[dY[-

S[ j^Wda j^[ h[l_[m[h \eh j^_i Yecc[dj WdZ h[l_i[Z j^[ i[dj[dY[ WYYehZ_d]bo 'b_d[ 024,025(-

8- , B_]kh[ O3?- P^[ [\\[Yj e\ ghhT Z[b[j_ed _i gk_j[ Yedl_dY_d]- Dem[l[h+ j^[ b[l[b e\ Mhh0+ Mhh1 WdZ

Mhh3 iNJ=i Ze[i dej i[[c je Z[Yh[Wi[ m^[d ghhT _i el[h[nfh[ii[Z- IWoX[ Wkj^ehi YekbZ WZZ Z[di_,

jec[jh_Y WdWboi_i eh h[\ehckbWj[ j^[_h YedYbki_edi-

=i Z[iYh_X[Z _d ceh[ Z[jW_b _d h[ifedi[ je Yecc[dj #6 e\ h[l_[m[h 0+ j^_i h[ikbj _i dej kd[nf[Yj[Z-

Of[Y_\_YWbbo+ jhWdiYh_fj_ed e\ j^[ Mhh0,3 iNJ=i _i ikX`[Yj je ZeiW][ Yecf[diWj_ed Yedjheb+ i.e. h[ZkY,

j_ed e\ j^[ Mhh0,3 b[l[bi j^hek]^ feij,jhWdiYh_fj_edWb h[]kbWj_ed '[-]- Xo MhhT( m_bb WYj_lWj[ j^[ jhWdiYh_f,

j_ed e\ qrr1-4 ][d[i 'Ol[dd_d]i[d [j Wb+ 1//8+ AI>K F(- P^ki+ je ijkZo j^[ [\\[Yj e\ MhhT ed Mhh0,3

'[-]- B_]- 2=(+ m[ [cfbeo[Z h_\Wcf_Y_d je XbeYa jhWdiYh_fj_edWb WYj_lWj_ed e\ qrr1-4 _d h[ifedi[ je MhhT

WYj_l_jo-

0/- , H_d[ 035- Jehj^[hd

?ehh[Yj[Z-

00- , H_d[ 047- uj^_i ckjWj_ed Wbceij \kbbo h[ijeh[Z Mhh0,3 ijWX_b_j_[iv- S^_b[ j^[ i[[Z i[gk[dY[ _i Yed,

i[hl[Z+ Mhh1 WdZ Mhh2 i[[c je X[ ij_bb 'fWhj_Wbbo( Z[]hWZ[Z _d fh[i[dY[ e\ MhhT) 'I0(- ?ekbZ Wkj^ehi

Yecc[dj ed j^_i Z_iYh[fWdYo< P^_i Y[hjW_dbo [nfbW_d m^o Wkj^eh Y^ei[ je edbo \eYki ed Mhh0 WdZ Mhh3

_d j^[ \ebbem_d] Y^Wfj[hi- ?edi[gk[djbo+ Wkj^ehi i^ekbZ X[ YWh[\kb m^[d ZhWm_d] ][d[hWb YedYbki_edi-



=i h[gk[ij[Z Xo h[l_[m[h 0 'i[[ Yecc[dj #1(+ m[ dem fhel_Z[ gkWdj_\_YWj_ed e\ Wbb ijWX_b_jo [nf[h_,

c[dji _d j^[ iekhY[ ZWjW e\ ekh h[l_i[Z cWdkiYh_fj- >Wi[Z ed j^[i[ ZWjW+ m[ Z_Z dej \_dZ i_]d_\_YWdj

Z_\\[h[dY[i _d j^[ ijWX_b_j_[i e\ Mhh0,3 _d j^[ fh[i[dY[ e\ j^[ Yedjheb fbWic_Z+ m^[d YecfWh[Z je j^[

MhhT) 'I0( ckjWj_ed- S[ Y^ei[ Mhh0 WdZ Mhh3 \eh j^[ Zemdijh[Wc [nf[h_c[dji+ X[YWki[ j^[o fhe,

l_Z[Z X[jj[h i_]dWbi _d j^[ Jehj^[hd Xbej [nf[h_c[dji+ m^[d YecfWh[Z je Mhh1 WdZ Mhh2-

01- , H_d[ 054- Lb[Wi[ \ki[ B_]kh[i 2? WdZ O4>-

@ed[+ i[[ h[ifedi[ je Yecc[dj #5 e\ h[l_[m[h 0-

02- , H_d[i 065,066- uMhhT XWi[,fW_hi m_j^ Wbb \ekh Mhh iNJ=i WdZ j^Wj j^_i _dj[hWYj_ed h[ikbji _d Z[]hW,

ZWj_ed e\ j^[ NJ=,Zkfb[n-v P^_i YWddej X[ ][d[hWb_p[Z- =kj^ehi i^em[Z j^Wj j^[ el[h[nfh[ii_ed e\

uMhh3 Z_Z dej ^Wl[ j^[ iWc[ [\\[Yjv- P^[ ^Wb\,b_\[ e\ MhhT i[[ci je X[ i_c_bWh _d fh[i[dY[ eh WXi[dY[

e\ Mhh3 'B_]kh[ O4B(-

S[ ^Wl[ ceZ_\_[Z j^_i i[dj[dY[ je YbWh_\o j^_i _iik[ 'b_d[i 063,064(-

03- , B_]kh[i 2?+ 3= WdZ 3?- Lb[Wi[ i^em j^[ 4O fhe\_b[ Wi Yedjheb \eh NJWi[ A _dWYj_lWj_ed-

S[ Wiikc[ j^Wj j^[ h[l_[m[h h[\[hi je B_]i- 3=+ 3? WdZ O5 i_dY[ j^[i[ [nf[h_c[dji _dlebl[ j^[ rnePO

ijhW_d- S[ ^Wl[ _dYbkZ[Z j^[ h[b[lWdj Xbeji _d j^[ iekhY[ ZWjW WdZ cWha[Z j^[ 8O hNJ= i_]dWb-

04- , B_]kh[ 3?- S^o Wh[ j^[h[ jme XWdZi _d j^[ 4O Yedjheb _d B_]kh[ 4? 'Wbie _d j^[ SP XWYa]hekdZ(<

S[ Wfebe]_p[ \eh j^[ Yed\ki_ed- P^_i mWi W j[Y^d_YWb [hheh j^Wj eYYkhh[Z Zk[ je ib_]^j cel[c[dj e\ j^[

Xbej Zkh_d] j^[ [nfeikh[- S[ ^Wl[ h[fbWY[Z j^[ Xbej-

05- , H_d[ 1/1- Fkij ekj e\ Ykh_ei_jo+ Ze Wkj^ehi j^_da j^Wj ghhT el[hbWfi j^[ 2wQPN e\ ghhP<

EdZ[[Z+ XWi[Z ed fh[l_ekibo eXjW_d[Z ZNJ=,i[g ZWjW WdZ P[hc,O[g ZWjW+ m[ \_dZ j^Wj W icWbb fhefeh,

j_ed e\ h[WZi \W_b je j[hc_dWj[ Wj j^[ qrrX j[hc_dWjeh WdZ Yedj_dk[ jhWdiYh_fj_ed _dje j^[ qrrT ][d[ 'i[[

iYh[[di^ej X[bem(- Dem[l[h+ ]_l[d j^Wj j[hc_dWj_ed h[WZ,j^hek]^ edbo eYYkhi _d q1$ \eh Wbb Z[j[Yj[Z

jhWdiYh_fji+ m[ Ze dej j^_da j^[ h[WZ,j^hek]^ ^Wi W i_]d_\_YWdj [\\[Yj 'Wj b[Wij kdZ[h j^[ j[ij[Z YedZ_,

j_edi(-

06- , B_]kh[ 4>- P^[ Z[b[j_ed e\ ghhP ZhWij_YWbbo h[ZkY[i MhhT b[l[b- Dem[l[h+ j^[ [nfh[ii_ed fWjj[hd _i

i_c_bWh- ?Wd m[ _cW]_d[ j^Wj Wdej^[h \WYjeh _i _dlebl[Z _d j^[ j[cfehWb [nfh[ii_ed e\ ghhT<



=j j^_i fe_dj+ m[ YWddej [nYbkZ[ j^Wj ej^[h jhWdiYh_fj_ed \WYjehi X_dZ je j^[ qrrX fhecej[h WdZ WYj_lWj[

jhWdiYh_fj_ed- Dem[l[h+ XWi[Z ed j^[ h[ikbji \hec ekh ][d[j_Y iYh[[d 'B_]- O6?( WdZ j^[ ZWjW \hec j^[

Jehj^[hd Xbej [nf[h_c[dji 'B_]- 4>( WdZ jhWdiYh_fj_edWb h[fehj[h WiiWoi 'B_]- 4?(+ m[ YedYbkZ[ j^Wj

MhhP _i j^[ ceij h[b[lWdj jhWdiYh_fj_ed \WYjeh kdZ[h j^[ j[ij[Z YedZ_j_edi- S[ WZZh[ii j^_i _iik[ _d j^[

Z_iYkii_ed i[Yj_ed e\ ekh h[l_i[Z cWdkiYh_fj 'b_d[i 236,238(-

07- , H_d[ 131 WdZ B_]kh[ 4?- uj^[i[ fhecej[h i[gk[dY[i Wh[ h[gk_h[Z \eh WYj_lWj_ed Xo MhhPv- Jej

edbo+ j^[ Z[b[j_ed e\ L0 WdZ L1 Wbie WXhe]Wj[ j^[ h[i_ZkWb [nfh[ii_ed _d j^[ ~ghhP XWYa]hekdZ-

S[ j^Wda j^[ h[l_[m[h \eh j^_i Yecc[dj WdZ h[l_i[Z j^[ i[dj[dY[ WYYehZ_d]bo 'b_d[i 126,128(-

08- , H_d[i 187,188- uY[bbi bWYa_d] j^[ ghhT ][d[ ^WZ W Yecf[j_j_l[ WZlWdjW][ W]W_dij _ie][d_Y R-

Y^eb[hW[ m_bZ jof[ Y[bbi"- Lb[Wi[ [nfbW_d m^o j^[ WXi[dY[ e\ MhhT ]_l[i W Yecf[j_j_l[ WZlWdjW][ _d

j[ij[Z YedZ_j_edi-

Ed j^[ WXi[dY[ e\ MhhT+ h[fh[ii_ed e\ j^[ Mhh0,3 iNJ= _i h[b_[l[Z h[ikbj_d] _d _dYh[Wi[Z b[l[bi e\ =f^=

WdZ h[ZkY[Z DWfN fheZkYj_ed 'B_]i- 5= WdZ 5>(- C_l[d j^Wj =f^= _i Wd WYj_lWjeh X_e\_bc \ehcWj_ed

j^hek]^ j^[ WYj_lWj_ed e\ vpsT 'UWd] [j Wb+ 1/0/+ Ed\[Yj Ecckd(+ m^[h[Wi DWfN _i W h[fh[iieh e\ X_e,

\_bc \ehcWj_ed 'DWcc[h [j Wb+ 1//2+ Ieb I_YheX_eb(+ m[ YedYbkZ[ j^Wj Y[bbi bWYa_d] qrrX Z_ifbWo _d,

Yh[Wi[Z X_e\_bc \ehcWj_ed WdZ j^[h[Xo ]W_d W Yecf[j_j_l[ WZlWdjW][ el[h j^[ _ie][d_Y m_bZ,jof[ Y[bbi

kdZ[h j^[ j[ij[Z YedZ_j_edi- S[ WZZh[ii[Z j^_i _iik[ _d b_d[i 185,187 e\ j^[ h[l_i[Z cWdkiYh_fj-

1/- , H_d[i 22/,220- uj^[ ifed][ NJ= _ji[b\ _i dej jhWdibWj[Z WdZ Ze[i dej _dj[hWYj m_j^ ej^[h jhWd,

iYh_fjiv @WjW fh[i[dj[Z _d B_]kh[ 1= Ze dej ikffehj j^_i Wiikcfj_ed-

S[ ceZ_\_[Z j^_i i[dj[dY[ _d j^[ h[l_i[Z cWdkiYh_fj je Wle_Z c_i_dj[hfh[jWj_ed e\ ekh ZWjW 'b_d[i 215,

216(-

10- , B_]kh[ 5C- E Ze dej kdZ[hijWdZ m^o Mhh0,3 Wh[ WXb[ je _dj[hWYj m_j^ ^WfN _d fh[i[dY[ e\ MhhT '_d

[nY[ii(-

S[ j^Wda j^[ h[l_[m[h \eh j^_i Yecc[dj WdZ W]h[[ j^Wj j^[ fei_j_ed e\ j^[ Mhh0,3,hapR NJ= Zkfb[n _d

j^[ \_]kh[ mWi Yed\ki_d]- S[ j^[h[\eh[ ceZ_\_[Z j^[ \_]kh[ je _dZ_YWj[ j^Wj Mhh0,3 Yedjheb hapR b[l[bi

Wj bem Y[bb Z[di_jo hWj^[h j^Wd ^_]^ Y[bb Z[di_jo-
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